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Aus dem Physikalisch-Chemischcn Institut, Upsala, und dem Tier- 
physiologischen Institut der Lnndwirtscbaftlicben Hochschule, Upsala. 


Uiitersucliuiigcn iiber Dextraii iind sciii Yer- 
Iialteii bei parenteral er Ziifiilir. 11. 

Von 

ANDERS GRONWALL nnd BJORN INGEIJilAN. 

Eingcrcidit nm 6. September I94'i. 


Physiol oe:i.sche tJntorsnclnmgCD. 

Filr die Bchandlung von Scliockzustanden haben vrir vollwer- 
tige therapeutischc Hilfsinittol im Vollblut, Plasma und Serum. 
Von gevi.s,?en Go-sicblspunkten ist indessen diesc Therapieform 
mit Dbelstrinden vcrkniipft, die sich durcli die Anwendung von 
syntbctischcn Plasraasubstitutcn vermciden lessen. Dieses gilt 
besonders fiir die umfangreichc und komplizierte Organisation, 
die fiir die Blutentnalime, die Gcudnnung von Plasma, notigen- 
falls Trocknung dcs Plasmas, Verwabrung u. s. 'sv. erforderlicli 
ist. Besonderc Schu'ierigkciten kann die binreichende Ansebaf- 
fung von Blut oder Blutplasma bereiten. Aus diesen Griinden 
wurden .“^cbon im er.ston Wcltkrieg von Bayliss (1916) Infusions- 
Ia.sungcn von Gumini arabicum eingefiibrt. Audi ivUbrend des 
jetzigen Weltkricges slobt die Au.sarbeitung eines anwendbaren 
synthetiseben Plasmasubstitutcs im Vordergrund des Interesses. 
Versebiedene Substnnzen .sind vorgcsdilagcn und gepriift ivorden, 
aber die Mdirzabl wav man gezwnmgen zu verwerfen. Einige baben 
jedoeb cine gcwi.s.se Anwendung gef'unden. 

Die Bedingungen, die ein kdrperfremdes Kolloid zu erfiillen 
bat, urn eine tberapeutisebe Wirkung bei Scbockzustanden aus- 
zuiiben, sind in Iviirzc folgende. 

Bei alien Eonnen von drobendem odor manifestem Scbock — 
also niebt nur bei Blutungsscbock sondern auob bei Verbrennungs- 
sebiiden und Quetsdiungsscbiiden — gilt es in erster Linie das 
Volurnen der zirkulierenden Blutmassc wieder berzustellen. Fak- 

1 — 'i502G0. Acta phys. Scandinav. Vol.9. 
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toren wie die gesteigerte Kapillaxpermeabilitat, die leduzierte 
Sauerstoffspannung im Gewebe und .eine abnorme Verteilung der 
Elektrolyten zwiscben den Zellen xmd der Intrazellularfliissigkeit 
sind woM fundamental im eigentlicben Scbocksjmdrom, dock nickt 
in erster Linie Gegenstand einer direkten Tkerapie, weil sick 
sekundar die normale Verteilimg wieder einstellt, wenn das Blut- 
voltimen seine nrspriinglicke Grosse erlangt kat. Um dieses zu 
erreicken, kat man einerseits kristalloide Losungen verwendet 
und andererseits solcke, die sowokl Kristalloide als auck irgend- 
einen Kolloid entkalten. Der Effekt der erstgenannten Losungen 
kann gleick nack der Infusion markant sein, ist dock scknell 
voriibergekend, da die Eliissigkeit bei der automatiscken Ein- 
stellung des Kolloiddruckes zwiscken Blut und Gewebe aus den 
Blutbaknen ins Gewebe filtriert 'wird. 

Die kolloidalen Losungen kaben indessen einen bedeutend giin- 
stigeren Effekt, vorausgesetzt, dass die Partikelgrosse der kol- 
loidalen Substanz so besckaffen ist, dass die Molekiile im Ge- 
fassystem zuxuckgekalten werden und kinreickende kydropkile 
Eigensckaften besitzen. Eine Losung mit diesen Eigensckaften 
kat namlick die Eakigkeit nickt nur das feklende Blutvolumen 
zu ersetzten, sondern kann auck dazu beitragen, den Kolloid- 
druck des Elutes auf dem normalen Niveau von 300 — 400 mm 
zu kalten. Die imtere Grenze fur das Molekulargevdckt der kol- 
loidalen Substanz kangt naturlick mit der Permeabilitat der Ka- 
piilaren intim zusammen. Weder normalerweise nock beim Sckock 
tritt Albuminuric auf. Vermutlick v?ixd also ein Molekiil von der 
Grossenordnung des Serumalbumins durck die Glomerulusmem- 
branen zuriickgekalten. Die gesteigerte Permeabilitat. in den iibri- 
gen Gewebskapillaren beim Sckock ermoglickt indessen das Aus- 
treten von Kolloiden dieser Molekulargrosse aus den Gefassen 
in das Gewebe. Die Erfakrungen bei der Bekandlung des trauma- 
tiscken Sckocks mit Plasma lekren, dass trotzdem eine kokere 
Partikelgrosse der Kolloide bei der Bekandlung dieser Zustiinde 
nickt erforderlick ist, vermutlick weil die Kapillarpermeabilitat 
verkaltnismassig xasok reduziert wird, sobald das Blutvolumen 
steigt und die Zirkulation sick dem Normalen nakerit. Von diesen 
tiberlegungen ausgekend kalten wir eine imtere Grenze fiir das 
Molekulargewickt eines Plasmasubstitutes von 70 000 bis 100 000 
fur angemessen, jedock ist diese Grenze u. a. von der Form, 
der Ladung und dem spezifiscken Volumen abkangig. 

Eiir den kamodynamiscken Effekt ist auck die Viskositat der 



DESTRAN UNO SEIN VEUHALTEN BE! PARENTERALER ZUFUHR. 3 

Losung von Bedeutung. Die relative Viskositat des Plasmas und 
Blutes betragt 2 bezAv. 5. Die Viskositat darf nicbt iiber eine 
gcwisse Grenze binaus gesteigert werden, da sonst ein zu grosser 
Widerstand in der periplieren Zirkulation und damit eine gestei- 
gerte Arbeit filr das Herz dein giinstigen Effekt entgegenwirken 
konnte. 

Wenn es gilt so grosse Mcngcn einer fremden Substanz in das 
Blut einzufiihren, muss man die Forderungen anibreBeinbeitund 
Ungiftigkeit bcsonders bocb stellen. Das gilt teils die reine Gift- 
virkung \md teils die spczifiscben serologiscben Erscbeinungen 
von dom Tj’p, Avie sie A*on der parenteralen Zufuhr von artfremdem 
Eiweiss oder nnderen Substanzen mit antigcnen Eigenscbaften 
bekannt sind. 

Scbliosslicb ist es AviinscbensAA'ert, dass die Substanz im Stoff- 
wecbsel iu einer Wcise teilnimmt, die so Avenig Avie moglicb sto- 
rcnd ist. Das Ideal hierfiir ist natiirlicb das arteigene EiAveiss. 
Substanzen A'on nnderer cbemischer Natur sollen jedenfalls den 
normalcn Umsatz odor dcji normalcn Gaswecbsel nicbt ersebAve- 
ren. Sic durfeu aucb keine zu stark sauren oder basiseben Eigen- 
sebaften besitzen. Man soil unter alien Umstiinden anstreben, 
doss ein Plasmasubstitut von artfremden oder syntbetiseben Kol- 
loiden nicbt langer im Blutc zirkuliert oder im Korper zuriick- 
gebalten ward als absolut notig ist. 

Die erste und vielleicbt meist bekannte Plasmaersatzfliissigkeit 
ist die von Bayuss A'orgcschlagcuc Losuug von Gummi arabicum 
in Kocbsalz. Bayeiss selbst setztc grosse Hoffnungen auf diese 
Substanz und zeigte, dass sic wobl gecignet Avar, im Tierversucb 
einen exjjerimcntellen Scbock zu heben. Die Gummilosungen fan- 
den aucb Avahrend des ersten Wcltkriegcs eine Aveit A’^erbreitete 
AnAA’cndung in dor Kranlvcnpflcge der kampfenden Heere imd 
spilter aucb in der ziAulcn Krankcnpficgo, Avenn aucb gcAvisse 
Dbelstande damit A'crbunden AS'aren, Man fand eine erbobte Ten- 
denz zu Pscudoagglutination der Blutkorpercben xmd damit einC' 
Starke Steigerung der Senkungsrcalction, eine BciAAdrkung, deren 
Bedeutung nocb nicbt ganz aufgekllirt ist. Weiterbin stellte sicb 
beraus, dass die Gummilosung, obAA'obl sie die Blutbabnen ziem- 
licb Bcbncll A’crliLsst, im Korper zuriickgebalten Avird und nocb 
nacb Jabren als Aufspcicberungen in der Leber nacbgcAviesen 
Averden kann. Aus diesem Grundc hat man die Infusion von 
Gummilosungen jetzt fast ganz aufgcgeben. Die fruberen Ver- 
suchc und Erfabrungen mit diesem Priiparat deuten indessen 
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an, dass das Problem eines artifiziellen Plasmasnbstitutes keines- 
falls unlosbar ist. In der letzten Zeit bat man eine neue Art von 
Substanzen als Plasmasubstitut versucbt, die sogenannten Hocb- 
polymeren, die vor allem von der Kunstbarzcbemie bekannt sind. 
Die ersten Versucbe sind mit Polyvinylalkobol ausgefiibrt wor- 
den nnd von Jorns 1937 bescbrieben. Seine Anwendbarkeit ist 
vom Polymerisationsgrad abbangig, nnd vregen seiner boben Vis- 
kositat muss er in stark verdiinnten Losungen gegeben vrerden. 
Scbon 0,5 %-ige Losungen sind von derselben Viskositat wie 
das Blutplasma. In Jorns Versucben wurden 3.5 %-ige Losungen 
in 7 %-iger Natriumcbloridlosung verwendet. Aucb bier waren 
die ersten Mitteilungen optimistiscb, aber allmablicb entdeckte 
manPolgeeiscbeinungen, wesbalb der Polyvinylalkobol als Plasma- 
substitut nicbt durcbscblug. Hueper (1940) und Mitarbeiter be- 
trieben eine eingebende Untersucbung der Toxizitat und der 
patbologiscben Befunde. Sie zeigten u. a., dass die Substanz 
nicbt abgebaut wird, sondern sebr lange im Blut und in- den 
Organen verbleibt und gewisse charakteristiscbe Gewebsverander- 
ungen verursacbt. 

Der nacbste Versucb mit einem neuen Hocbpolymeren als Plas- 
masubstitut wurde von Hecht und Weese (1943) in einer Jlit- 
teilung liber ein Praparat, Periston genannt, veroffentlicbt. (Prii- 
bere Bezeicbnungen waren Hamodyn und Kollidon). Das Periston 
ist ein Polyvinylpyrrolidon. Diese Substanz bat eine starke vras- 
serbindende Fabigkeit. Das Molekularge-wicbt -wird zu 20 000 an- 
gegeben. Duxcb Fraktionierungen bat man das Praparat von den 
kleineren Molekiilen befreit und ist zu einem Produkt von bobe- 
rem mittleren Molekulargewicbt gelangt, das nicbt so leicbt 
durcb die Gefassmembranen bindufcbtritt und einen Kolloiddruck 
von 400 mm H^O und eine relative Viskositat von 3.0 fiir eine 
3.5 %-ige Losung besitzt. Toxiscbe Wirkningen sind im Tierver- 
sucb nicbt gefunden -worden, aber beim Menscben scbeint man 
regelmassig eine Nierenreizung mit Albuminurie beobacbten zu 
konnen. Die Substanz verlasst angeblicb das Blut -wabrend eines 
Monats, wenn man eine Transfusionsdosis von der Grosse einer 
normalen Bluttransfusion gibt. In-wiefern sie im Organismus ab- 
gebaut, ausgescbieden oder in den Organen gespeicbert -wird ist 
nicbt bericbtet. Da uns also das Scbicksal des Peristons im Orga- 
nismus nocb nicbt bekannt ist, sind wir auf die kommenden 
Mitteilungen bingewiesen, bevor -wir uns liber eventuelle scbad- 
licbe Bei-wirkungen aussern konnen. 
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Im Tierversucli kaim ein experimenteller Sckock mit Periston- 
losimg belioben '^verden; also ist die rein bamodynamische Wir- 
kuBg, die von der Wasserbindnngsfabigkeit innerbalb der Gefasse 
abbangt, znfriedenstellend. Toxiscbe Wixkungen sind nicbt beob- 
acbtet v'orden. Die Blutgerinnung wd nicbt beeinflusst, aber 
die Senkungsreaktion ist stark erbobt. Kliniscbe Versucbe sind 
von Klees (1943) bescbrieben, woraus bervorgebt, dass Periston 
das beste von den bisber vorgescblagenen Plasmasubstituten ist. 
Aucb in diesen Versucben erwies es voile bamodynamiscbe Wir- 
kung. Es gab keine Behvirkungen mit Ausnahme einer leicbten 
Albuminuric. 

Die Anwendbarkeit <les Dextrans als Plasmasubstitut. 

Eine Substanz, die vorber als Plasmasubstitut nocb nicbt ge- 
priift "worden ist, ist das neutrale Polysaccbarid Dextran, dessen 
Konstitution und cbemiscbe imd pbysikaliscb-cbemisbe Eigen- 
scbaftcn in Teil I dieser Arbeit niiber bescbrieben sind (Gron- 
WALL und Ingelman 1944, Iegelman und Siegbahn, 1944). 
Die Yoraussetzung fiir die Einfiibrung des Dextrans als Plasma- 
substitut ist, dass es im Vergleicb mit anderen friiber bescbrie- 
benen Plasmasubstituten offenbare Vorteile bat. Es muss des- 
balb in erster Linie eine bamodynamiscbe Y^kung ausiiben, 
die mit derjenigen des Serumehreisses vollkommen vergleicbbar 
ist. In zvreiter Linie muss es in grosstmoglicbem Masse von den 
tibelstanden frei sein, die den oben genannten und anderen Plas- 
masubstituten anbaften, vrie Pectin (Blartman, Schelling, Har- 
kins und Brush, 1941) und Gelatine (Gordon, Hoge, Laavson, 
1942). Die Mebrzabl dieser Substanzen sind korperfremd und von 
dieser Tatsacbe kann man im 'wesentlicben ibre Ubelstande ber- 
leiten. AVobl ist aucb das Dextran eine korperfremde Substanz, 
docb bedeutend weniger korperfremd als irgendein bisber vorge- 
scblagenes Plasmasubstitut, indem sie nur aus Glucose aufge- 
baut ist. Die Tatsacbe, dass sie eine bocbpolymere Verbindung 
ist, braucbt nicbt abzuscbrecken, da wir im Glykogen ein pby- 
siologiscbes Glucosepolymerisat baben. Besonders iricbtig ist die 
Frage liber das Scbicksal des Dextrans im Organismus nacb 
intravenoser Injektion. Man bat z. B. das Gummi arabicum und 
den Polyvinylalkobol verwerfen mlissen, weil der Korper nicbt 
imstande ist, diese Produkte abzubauen und zu eliminieren. Wie 
es sicb in dieser Hinsicbt mit dem Dextran verbalt, ist npcb nicbt 
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■vollkommen atifgeklart. In in vitro Versucken kaben wir zeigen 
konnen, dass das Dextran, wenn es iiberkanpt von starkespal- 
tenden Enzymen angegriffen, nnr sekr langsam abgebant wird. 
Dieses ist zweifellos ein Vorteil, der in gewissem Grade einen 
langsaraeren Abbau des Dextrans im Korper garantiert, so dass 
es eine Zeit lang im Blnte verbleibt. Wird beim Abbau Glucose 
gebildet, kann dieses dem Korper zugute kommen. Werdeu mog- 
lickerweise grossere Spaltprodukte von einem Molekularge-mckt 
von einigen Zekntausend gebildet, konnen diese durck die Nie- 
xen ausgesckieden werden. Auck •wenn •wir also augenblicklick 
die Erage, wie das Dextran im Korper abgebaut -wird nock nickt 
beanWorten konnen, "wagen •wir dock davon auszugeken, dass 
eine solcke Spaltung gesckiekt. Diese Annakme stiitzt sick vor 
allem darauf, dass wir nack sekr starker tlberdosierung von 
Dextran durckaus keine Zeicken fiir Akkumulation von Dextran 
in den Organen oder Geweben der Versuckstiere gefunden kaben. 
Spater -wird naker iiber diese Versucke bericktet. 

Versucke mit anderen Polysacckariden kaben ergeben, dass 
diese ausgespragte antigene Eigensckaften besitzen konnen. Wie 
fruker kervorgekoben worden ist (Gronwall und Ingelman 
1944), verursackt das Dextran keine Prazipitinbildung. Man kat 
deskalb Anlass zu vermuten, dass wiederkolte Dextraninjektio- 
nen nickt zu anapkylaktisckem Sckockzustand fukren kojmen. 

Mekrere Umstande deuten darauf kin, dass sick das Dextran 
besser als Plasmasubstitut eignen diirfte als fruker vorgesckla- 
gene Substanzen. In einer Serie tierexperimenteller XJntersuckim- 
gen kaben "wir versuckt, diese Erage zu beleuckten. 

Yersuclie init nickt Iiydrolysiertem Dextran. 

Das Dextran wurde im folgender Weise kergestellt. Bin Sub- 
strat aus 15 %-iger Rokzuckerlosung mit etwas Melasse so'wie 
Natriumpkospkat ver'setzt wurde mit Bakterium Leuconostoc me- 
senteroides geimpft. Hack einer geeigneten Zucktungsdauer wur- 
de das Dextran mit Alkokol ausgefallt. Losungen davon warden 
dialysiert und danack von grober suspendierten Partikeln be- 
freit, durck Zentrifugieren in einer luftgetriebenen praparativen 
Zentrifuge bei einer Gesckwindigkeit von 22 000 pro Minute. 
Nack dieser Praparation waren die Losungen vollkommen farblos 
und klar. Sie warden Kanincken in Konzentrationen zwiscken 
1 und 3 % und Dosen von 5 bis 40 ml intravenos injiziert. Eine 
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solclie Injelction rief in keinem der Falle sichere Kealction bei den 
Versuchstieren bervor, mit Ausnahnie einer massigen Albumin- 
uxie. Wiederholte Injektionen fiibrten allgemeine Verschlecbte- 
rung mit sick mit Albuminurie, Annrie und scbliesslicb den Tod. 
Bei der Sektion -wurden an den Nieren so-wobl nnter der Kapsel 
als aucb im Scbnitt stecknadelkopfgrosse, blasse, anamiscbe Herde 
vrahrgenommen. Bei Tieren, die ein blal gespritzt worden waren, 
kamen diese Herde sparlicb vor. Hack wiederkolten Injektionen 
konnte das ganze Nierenparenckym in dieser Weise verandert 
sein. Die mikroskopiscke Untersuckimg zeigte Tkrombotisierung 
der Nieren- und Leberkapillaren. Ein Berickt fiber diesen Befund 
wird in einer spateren Arbeit erstattet. 

Analoge Ycranderungen sind nack intravenoser Injektion von 
Bolyvinylalkokol beobacktet worden (Hueper und Mitarbeiter, 
1940). Die Ursacke fiir diese Veranderungen ist frfiker nickt 
naker erforsckt •\vorden. Wir fanden als TvakTsckeinlicke Ur- 
sacke eine primare Tkrombotisierung der Glomeruli mit einer 
umgebenden sekundaren anamiscken Nekrose. Die Tkromboti- 
sierung dfirfte entweder dutch das Dextran als soickes oder auck 
durch Erytkroz}i;enaggregate, die unter Einwirkimg des Dext- 
rans gebildet vcrden, kervorgerufen sein. Welcke Erklarung die 
licktige ist war nickt zu entsckeiden. Moglick ersckien uns je- 
doch die beobachteten Schaden mit einem Dextran von niedri- 
gerem JIolekulargcAvicht vermeiden zu kbnnen. 


Hor.stellung von partioll hydrolysiertem Dextran. 

Das Dextran kann durch vollstandige Hydrolyse zu Glucose abge- 
baut wcrdeu. Bei unvollstandiger Hydrolyse karm man. Dextran von 
variierender Molekulargrdsse erhalten, wobei das Molekulargewicht 
immcr nock ziemlich hock sein kann, z. B. von einer Grossenordnung 
um 200 000. Die im folgcnden besckriebenen Praparate wurden dm-ck 
particllc Hydrolyse mit Salzsaure erhalten. Nack Neutralisation mit 
Natxiumkydroxyd wurde das teilweise abgebaute Dextran mit Alkokol 
gefallt. Die Pallung wurde in Wasser gelost und im Cellophansack 
gegen "Wasser dialysiert, vodurck die Produkte geringer Molekular- 
grosse weggesckaffen wurden. Hiernack wurde die crkaltene Losung 
wciterkin durch Filtration durch cine Schickt Kokle und danack mit- 
tels Bakterienfiltration gereinigt. Die Praparate wurden auf ihre Eein- 
keit mittels Toxizitiitsbestimmungen an Versuchstieren und durch 
Stickstoffanalysen gepriift. Ausserdem gekorte gewoknlick zur Berei- 
tung eine Autoklaviening der fertigen Losung, 20 kCn. bei 120°. Hier- 
bei tritt vreiterkin eine schwache Hydrolyse ein, die indessen den Grad 
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der Spaltiing nur ganz tmbedeutend erliolit, Ultrazentrifugierungsver- 
sucbe und Diffusionsversuclie liabeR gezeigt, dass diese partiellen Hyd- 
rolysate mit Eiicksiclit auf das Molekulargewicbt nicbt eiubeitlicb sind. 


Die Bedeiitimg des Hydrolysegrades fiir die Ainvendbar- 
Iceit des Dextrans als Plasmasubstitut. 

Vorbereitende Versucbe zeigten dass man an Versucbstieren 
partiell bydxolysiertes Dextran intravends einspritzen kann, obne 
dass in den Organen bistologiscb nacbweisbare Veranderungen 
auftreten. Aucb wenn die injizierten Mengen bedeutend Jvaren 
konnten duxcbans keine Scbaden von der Art, ■wie sie das.tm- 
kydrolysierte Dextran verursacbte, entdeckt -werden. Ein •wick- 
tiger Teil in der 'weiteren Arbeit bestand nun darin, das kockste 
Molekularge-wickt fur das Dextran kerauszufinden, bei dem es 
nock eine zufriedenstellende kamodynamiscke Wirkung kat, okne 
mikroskopisck nack'weisbare Ge'webssckaden zu verursacken. Die- 
ser Teil der Arbeit ist zusammen mit Med. Dr. Nils Geller- 
STEDi, Uppsala, ansgefiilirt ivorden und soil spater veroffentlickt 
■werden. Es soil indessen sckon in diesem Stadhun kervorgekoben 
werden, auck wenn man sick bei der Dextranpraparation unter- 
kalb dieser Grenze bait, ist keine Garantie gegeben, dass nickt 
andere ungewiinsckte Beiwirkungen auftreten, die durck ein zu 
kokes Molekulargewickt ausgelost werden. Das Problem kann 
auck folgendermassen formuliert werden. Dextranpraparate mit 
zu kokem Molekulargewickt geben ge'wisse Sckaden, die vermie- 
den werden miissen. Ist dagegen das Molekulargewickt zu gering 
verUert das Dextran sowokl die sckadlicken Beiwirkungen als 
auck die pkysikalisck-ckemiscken Eigensckaften, die es als Plas- 
masubstitut geeignet macken. Z'wiscken diesen beiden Extremen 
liegt ein Molekulargewicktsintervall, der naker untersuckt wer- 
den muss, um zu Praparaten mit dem moglickst besten kiimo- 
dynamiscken Effekt unter Vermeidung von sckadlicken Beiwir- 
kimgen zu gelangen. Eine solcke Untersuckung fordert Bestim- 
mtmgen iiber den Einfluss von mekxeren versckiedenen Eakto- 
ren "und ist zeitraubend. Die kier mitgeteilten Eesultate beleuck- 
ten deskalb diese Erage nur teilweise. Sie befassen sick einst- 
weilen im wesentlicken mit gewissen Praparaten, die innerkalb 
eines begrenzten Molekulargewicktsintervalles gewaklt sind. 

Wie friiker kervorgekoben, ist eine ricktige Abpassung der Mo- 
lekulargrosse zur Permeabilitat der Kapillaren von grosser Be- 
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deutung. Versuclie mit Dextranliydrolysaten zeigten schon bald, 
dass ein Material von niedrigerer Moleknlargrosse mit Leicbtig- 
keit dnxcb die Glomerulusmembranen in den Harn abfiltriert 
werden. Da das Dextran soTs^obl von Beginn als aucb nack der 
Hydrolyse ein nicbt einbeitlicbes Molekulargewicbt besitzt, kann 
nicbt vermieden werden, dass es grossere Molekiile entbalt, die 
im Bint zuriickgebalten werden und kleinere, die in den Harn 
abfiltriert werden. Es gait desbalb Dextran berzustellen, das so 
bocbmolekular ist, dass es nicbt oder nur zu geringem Teil die 
Nieren passiert, was man durcb eine geeignete Wabl der Hydro- 
lysebedingungen erreiclinet kann. Es muss indessen genannt wer- 
den, dass es eine Moglicbkeit gibt, die kleinen Molekiile durcb 
fraldiionierte Eallung mit Alkobol zu entfernen und so Praparate 
mit begrenztem Molekulargewicbtsintervall zu erbalten. Wir ba- 
ben aber bisber von dieser Komplizierung der Herstellimgsme- 
tbode Abstand genommen. Erweist es sicb notwendig soli sie 
indessen eingefiibrt werden. 

Die Permeabilitat der Dlomerulusmembranen ist so wobl be- 
kannt, dass man sicb im voraus ungefabx eine Auffassung bilden 
kann, welcbes mittlere Molekulargewicbt die Dextranbydiolysate 
baben sollen. So passieren Hamocyanin, Kasein, Serumglobin imd 
Serumalbumin unter pbysiologiscben Verbaltnissen nicbt die Glo- 
merulusmembranen. Dieses ist indessen der Fall fiir Ovalbumin 
und andere Eiweisstoffe mit demselben Molekulargewicbt. Das 
Hiimoglobin scbeint eine Zwiscbenstellung einzunebmen, indem 
es wenigstens bei binreicbend bober Blutkonzentration die Glo- 
merulusmembranen passiert (Bayliss et al. 1933). Fur Protein- 
stoffe scbeint es sicb mit der Permeabilitat so zu verbalten, dass 
die Substanzen bindurcbtreten kbnnen, welcbe den niedrigsten 
Molekulargewicbtsklassen angeboren, nacb Svedbergs (1927) 
Tbeorie fiix den multiplen Bau der Proteinmolekiile bis berauf zu 
einem Molekulargewicbt von ca. 35 000 — 40 000. Substanzen, die 
der Klasse mit einem Molekulargewicbt von um ca. 70 000 ange- 
boreu, und die folgenden Kategorien mit boberem Molekularge- 
wicbt werden zuriickgebalten. Die Permeabilitetsgrenze scbeint 
ganz nabe der letzteren Klasse zu liegen, da das Hamoglobin 
mit einem Molekulargewicbt von 68 000 passieren kann. Es muss 
dock hervorgeboben werden, dass das Molekulargewicbt natiir- 
licb nicbt der einzige entscbeidende Faktor ist. Eigenscbaften 
wie das spezifische Volumen, die Form des Molekiils, die La- 
dungsverbaltnisse konnen eine recbt bedeutende Bolle spielen. 
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Die Permeabilitat der Glomerulusmembraneii £iir andere Kolloide 
als Eiweisstoffe ist indessen kaum bekannt. Bine gewisse Eicbt- 
scbnur konnte durcb nicbt veroffentlicbte Untersucbungen (Gbon- 
•V7ALL, Ingelman nnd Mosimann) mit den von Mosimann nnd 
SvEDBERG (1942) bescbriebenen^ 'wasserloslicben Polysacobariden 
ans Larchenbolz erbalten "werden. Die verwendeten Praparate 
entkielten Molekiile mit einem Molekulargewickt von 100 000 nnd 
16 000. Diese Polysaccbaride sind sehr einbeitlicb betreffs des 
Molekulargewicbts. Sie sind ungeladen nnd baben eine etwas 
langgestreckte Form. Das Verbaltnis zndscben Lange nnd Breite 
ftii das Polysaccbaridmoleknl mit einem Gewicbt von 100 000 
ist zu 16/1 gescbatzt. Diese Polysaccbaridmolekiile sind also mebr 
langgestreckt als z. B. das Serumalbumin. Versncbe, die an Ka- 
nincben ansgefubxt -wnrden, baben gezeigt, dass diese Larcben- 
bolzpolysaccbaride sebr scbnell durcb die Glomernlusmembranen 
ans dem Bint in den Harn filtriert werden. Die aus dem Ham 
isolierten Polysaccbaride batten dieselbe Sedimentationskon- 
stante vde die urspriinglicb intravenos eingespritzten. Man kann 
desbalb annebmen, dass aucb Molekiile mit einem Gemcbt von 
100 000 die Glomernlusmembranen vollstiindig ungescbadigt nnd 
obne vorberige Hydrolyse durcbtreten konnen. Von friiberen Ver- 
sncben vdssen "wir, dass die Dextranmolekiile sebr langgestreckt 
sind. Um die Nieren nicbt zu passieren miissen sie ein Molekular- 
gewicbt baben, das 100 000 ubersteigt. 

Erfabrungsgemass bat es sich gezeigt, dass es bei der laufen- 
den Arbeit entbebrlicb ist, die Sedimentationskonstante als Aus- 

druck fik den Hydrolysegrad anzu- 
wenden. Um in einfacber Weise den 
Hydrolysegrad scbatzen zu konnen, 
baben vdr uns als Mass der relativen 
Viskositiit bedient. Es konnte fest- 
gestellt werden, dass Losungen, die 
bei einer Konzentration von 4 % eine 
relative Viskositat zwiscben 3.5 tmd 
7 baben, nicbt die bescbriebenen 
Schaden verursacben nnd nacb Dia- 
lyse Oder Umfallung mit AJkobol eine 
relativ geringe Menge feindispersen 
Materials entbielten. Innerbalb dieses 
Abb. 1. Die Yiakositat verachie- »Yiskositatsgebietes>>, das in Abb. 1 
rendem Hydrolysegrad. zwiscben den Kurven II und I V iiegt. 
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Melt sich. die Viskositat der meisten verwendeten Praparate. 
Kurve I ist fiir eine unhydrolysierte Dextranlostmg erkalten 
•worden, wakrend Kurve III einer aiiTs^endbareii Infusionslosung 
entspricht. Eine so weit getriebene Hydrolyse die zu Prapara- 
ten mit einer Viskositat entspreckend Kurve V fiikrt, gibt zu 
Heine Molekiile und soli vermieden werden. Es zeigt sick, dass 
eine solcke Losung auck nack Dialyse im Cellopkansack im 
wesentlicken so Heine Molekiile entkalt, die scknell in den 
Harn abfiltriert werden. 


Metlioden zur Bestimniung des Dextrnns im Blut und Barn. 

Fiir die Bestimmung des Dextrans im Blut \nirden geeignete 
Modifikationen der Orcinmetkode, die polarimetriscke Bestim- 
mung, sowie Hagedorn-Jensens Titrationsmetkode gepriift. Von 
der erstgenannten sind wir bald zu den beiden letztgenannten 
Metkoden iibergegangen. In den kier besckriebenen Versucken 
bedienten "wir uns der Polarimetermetkode in folgender Weise, 
In einer Blutprobe von 15 ml wurden die Blutkorpercken vom 
Serum getrennt. Aus diesem vrurde das Eivreiss durck Zusatz von 
Trickloressigsauxe gefallt. Nack Dialyse gegen dest. Wasser Tvurde 
die Drekung bestimmt. Die Konzentration wurde dann nack 
Korrektion fiir die Volumenveranderung und unter Annakme ei- 
nes .Mittelwertes von + 185° fiir die spezifiscke Drekung fiir 
partieU kydrolysiertes Dextran bestimmt. Im Harn wmrde eben- 
falls die Dextrankonzentration polarimetrisck nack Dialyse gegen 
Aq. dest. und notigenfalls Eindampfen bestimmt. Die Hagedorn- 
metkode 'wurde insofern modifiziert, als eine Hydrolyse des Dext- 
rans nack der gewoknlicken EiTveissfallung mit Zinksulfat und 
Natriumkydrat eingesckoben ’wiirde. Diese 'wurde durck 5-stiin- 
diges Kocken mit 4 %-iger Sckwefelsaure ausgefiikrt, wonack 
Neutralisation mit Natronlauge folgte. Eine nakere Besckreibung 
dieser Metkode 'wird spater veroffentlickt. 


Bextran im Bint nnd Harn nacli intravenoser Injektion. 

Als Tiermaterial kamen Kanincken imd Hunde zur Anwendung. 
Die Tierversucke gaben im Prinzip iibereinstimmende Kesultate, 
■weskalb wir uns kier darauf besckranken einen dieser Versucke, 
einen Hundeversuck mitzuteilen. 



12 


ANDERS QRONWALL UND BJQRN XNGELMAN. 

Der Hund wog 22.5 leg. Venenpunktion und Aderlass von 
100 ml Blut. Danack Infusion von 200 ml 7.3 %-iger Dextran- 
losung intravenos. Die relative Viskositiit der Losung betrug 
10.0. Weder in Verbindung mit der Infusion oder spater wakrend 
der folgenden Tage waren am Tier irgendwelcke Sekaden nock 
eine Eeaktion gegen das Praparat tvakrzunekmen. 

Das Resultat des Versu- 
ekes gekt aus Abb. 2 kervor, 
die die Dextrankonzentra- 
tion im Serum wakrend der 
Versiicksperiode zeigt. Die 
Konzentration sinkt sekr 
scknell immittelbar nach 
der Injektion auf ein ziem- 
lick konstantes Niveau, wor- 
auf sie wakrend der folgen- 
den Tage langsam absinkt, 
um nack 4 Tagen den Null- 
wert zu erreicken. Der erste raseke Abfall ist durck die Aussekei- 
dung des verkaltnismassig feindispersen Materials in den Harn 
erklart. Die darauf folgende langsame Senkung ist ein Ausdruck 
fiir die Eliminierung der grosseren Dextranmolekiile aus den 
Blutbaknen. In 'welcker Weise dieses gesekiekt ist nock nickt 
vollkommen klargestellt. Im 'wesentlicken diirfte es sick so ver- 
kalten, dass das Dextran auf enzymatisekem Wege zu einer ge- 
wissen Molekulargrosse abgebaut wind, die das Durcktreten durck 
die Glomerulusmembranen erlaubt. Das feiner disperse Material 
wird z. T. durck den Harn ausgesekieden und diirfte zu einem 
Teil im Korper verbrannt werden. Eine sickere Akkumulation 
von Dextran in den Organen kat nickt nackgevdesen werden 
kbnnen. Jedenfalls deuten die kistologiscken Untersucktmgen 
nickt darauf kin. Durck Bestimmungen der Dextrankonzentra- 
tion im Harn konnte bestatigt werden, dass eine gewisse Menge 
gleick nack der Injektion ausgesekieden wird und dass wiikrend 
der folgenden Tage Dextran im Harn auftritt. Die Temperatur 
des Versuckstieres sekwankte innerkalb normaler Grenzen. Quan- 
titative Eiweissbestimmungen ergaben keine Albuminurie. Wie- 
derkolte Injektionen am selben Tier mit langeren und kiirzeren 
Zeitabstanden verursackten auck keine Beaktionen. In keinem 
Pali konnten Sekaden an den inneren Organen beobacktet wer- 
den. 



Abb. 2. Dextrankonzentration im Serum cines 
Hundes nacli intravenOser Dextran injektion. 
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Mit Kenntnis der Abbau- und Aussclieidujigsverlialtrdsse des 
Dextrans ergibt sicb die Frage, ob das injizierte Dextran lange 
genug im Blute verbleibt, tun beim Scbockzustand die gestorten 
Zirknlationsverbaltnisse effektiv in den Normalzustand zuriick- 
zubringen. Mt Ansgangspunkt von diesen Tierversucben und 
Literatuxangaben lasst sick diese Frage naturlick nickt mit Sicker- 
keit beurteilen. Hier sollen deskalb nur einige allgemeine Uber- 
legungen kinzugefiigt werden. Das Dextran kann naturlick das 
Plasmaeitveiss nickt voUig ersetzten, sondern seine Aufgabemuss 
es sein voriibergekend einen Ersatz zu bilden und dadurck die 
Sckocksymptome zu bekeben. Wakrend dieses gesckiekt wird das 
Dextran aus dem Blute entfernt. Es ist deskalb von Bedeutung, 
dass das Dextran nickt sckneller eliminiert tvlrd als der Eorper 
selbst die Zirkulation vdeder auf das Normals einzustellen ver- 
mag, und dieses muss einerseits durck allgemeine Anpassung des 
Gefassystems gesckeken, andrerseits durck Regeneration des ver- 
lorenen Blutvolumens, besonders des Plasmas. 

Was die Anpassung des Gefassystems betrifft, so entstehen 
Sckocksymptome gewoknlick als Eolge plotzlicker Veranderun- 
gen. Es kann deskalb angenommen "werden, dass eine Aufreckt- 
erkaltung des Blutvolumens iiber 12 — 24 Std. fiir die Anpassung 
des Gefassystems vollkommen ausreickt, auch tveim die Eort- 
sckaffung des Dextrans aus dem Blut begonnen kat. Die Rege- 
neration des Blutplasmas ist im Tierversuck eingekend unter- 
suckt tvorden, vor allem von Whipple und Blitarbeitern (Mad- 
den und Whipple, 1940). Es erwies sick, dass das Plasmaei- 
weiss sekr scknell regeneriert wird, insofern der Organismus nickt 
durck besondere Verkaltnisse an Depoten, stickstoffkaltiger Sub- 
stanzen ausgearmt ist, die Material fur die Syntkese von Plas- 
maproteinen liefern. Auck neuere kliniscke Untersuckungen spre- 
cken fiir eine gleickartige rascke Syntkese beim Menscken nack 
Blut und Plasmaverlusten (Lang und Schwiegk, 1942, Nissler, 
1942, Eelix, 1940, Duesberg und Sghweder, 1942). Mit Stiitze 
kierauf konnen wir tveder sagen, dass das Dextran aus dem 
menscklicken Korper mit gleicker Gesckwindigkeit eUminiert wird 
wie im Tierversuck, nock dass die Eliminierungsgesckwindigkeit 
kinreickend niedrig ist, um dem Plasmaeiweiss Zeit fiir eine aus- 
reickende Regeneration zu geben, bevor die Dextrankonzentra- 
tion im Blut zu stark gesukken ist. Wir kaben jedock Griinde, 
die dafiir sprecken, dass es sick wenigstens im Tierversuck so 
verkalt. 
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Urn eine Auffassung iiber die Grossenordnung derjenigen Mo- 
lekiile zu bekommen, die durcb die Nieren abffltriert werden 
wurde im oben bescbriebenen Tierversucb der Harn von der 2^! 
bis 72. Stunde nacb Binspritzung gesammelt tmd das ausge- 
scMedene Polysaccbarid nacb Dialyse im Cellopbansaek dnrck 
Ballung mit Allcobol isolierfc, Darauf wurde die erbaltene Losting 
in der Ultrazentrifuge untersucit. Es zeigte sick kierbei,. dass 
die Substanz betreffs ikres Molekulargewickts nickt einhktlick 
war, aber dass dock eine Sedimentationskonstante aus den er- 
kaltenen Zentrifugierungsdiagrammen berecknet werden konnte, 
die nnr eine Komponente aufwies. Bolgende Werte ffir die Sedi- 
mentationskonstante ■WTirden bei versckiedenen Bonzentrationen 
erkalten: 


Tabelle 1. 


Konzentration 

s . 10« 

io % 

1.28 

2.0 

0.70 


0.35 


0.14 



Eine Extrapolierung der Sedimentationskonstanten anf die Kon- 
zentration Null ist in diesem Ealle natiirlick leckt unsickex. Wii 
sckatzen diesen Wert zu 3.6*10“^®. 

Auck einige Diffusionsversucke wurden an dieser Losung aus- 
gefiikrt, wobei die Diffusionskonstante zu 3.8* 10“' bei so- 
wokl 0.70 als auck 0.35 % bestimmt vnirde. 

(Eiir die urspriinglick eingespritzte Losung Tsoirde eine Diffu- 
sionskonstante von 2.0-10“’ erkalten. Betreffs der Ausfilkrung 
der Zentrifugierungen und Diffusionsversucke verweisen mx auf 
Toil I dieser Arbeit, wo auck D^ definiert ist.) 

Setzen wir in Svedbekgs Pormel fiir die Berecknung des Mo- 
iekulargewickts die Sedimentationskonstante = 3.6 • 10“’®, die Dif- 
fusionskonstante == 3.8 * 10 ’ und das- partielle spezifiscke Vo- 
lumen — 0.59 (eine Bestimmung des part. spez. Volumens ist 
nickt ausgefukrt wofden, sondern wir reckneten mit dem Wert 
fiir das urspriinglicke Dextran) so erkalt man ein Molekularge- 
wickt von der Grossenordnung 50 000 bis 60 000. Dieser Wert 
darf nur als gfober Mitteiwert aufgefasst werden, da das ausp- 
sckiedene Polysacckarid nickt einkeitlick im Molekulargewiokt ist. 
Die ausgefukrte Berecknung gibt uns dock eine Auffassimg iiber 
die Grossenordnung der gespaltenen Dextranmolekiile, die durek 
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das Nierenfilter ausgeschieden werden konnen. Der erhaltene Wert 
liegt vrie er^vartet zwisclien der Permeabilitat des Nieren- und 
CellopliaDfilters. 

Eia aimalierader Wert fur das mittlere Molekulargewiclit von 
50 000—60 000 fiir das Dextran, welclies in den Harn abgesckie- 
den vrird, bedeutet selbstverstandlicb, dass ein Teil der Dextran- 
molekiile ein vesentlicb bobercsMolekulargevdcbtbat. Dasbocbste 
Molekulargewicht, das uns ein Mass fiir die Permeabilitat der 
Glomerulusmembranen liefcrt, konnen Vir leider niebt angeben. 
Aber dieses liesultat bereebtigt uns docb, ein boberes Molekular- 
gevriebt von 100 000 — 150 000 fiir die Dextranlosungen zu wablen, 
die als Plasmasubstitut dicnen sollen. 


Der Einflnss dcs Dcstrans anf die Senkuiigsreaktion. 

Eine ungevriinsebte Konsequenz bei Dextraninjektionen ist die 
Tendenz der roten Blutkorpercben zu Pseudoagglutination {Miinz- 
rollenbildung) und damit aucb eine Erbobung der Senkungsreak- 
tion. Aus kliniscbcn Erfabrungen vissen wir, dass eine erbobte 
Senkungsreaktion an und fiir sicb niebt scbiidlicb ist, aber bei 
Dextrankonzentrationen im Blut, vie sie bei Anvendung von 
Dextranlosungen als Plasmasubstitut in Frage kommen miissen, 
ist dieser Effekt bedeutend. Wir haben desbalb niebt davon ab- 
sehen konnen, dass zur Agglutinationstendcnz sekundare Wir- 
kungen scbadlieber Art auftreten konnen. Ein definitiver Besebeid 
ist natiirlicb niebt zu ervarten, bevor die Dextranlosungen in 
grosseren Mengcn am bicnseben injiziert sind und die Senlcungs- 
reaktion im Vcrbiiltnis zum Dcxtrangebalt des Blutes studiert 
ist. Als vorbereitende Orientierung baben wir doeb in Verbin- 
dung mit unscren tierexperimentellcn Untersuebungen aucb die 
Senkungsreaktion an Hunden nacb Dextraninjektionen bestimmt, 
sowie in vitro die Eimrirkung des Dextrans auf Hunde- und 
Menschenblut studiert. 

Die Resultate dor Versuebe an Hunden konnen niebt direkt 
auf die Verhiiltnisse am Jlenscbcn iibergefiibrt werden. Die Sus- 
pensionsstabilitat dcr roten Blutkorpercben ist fiir die versebie- 
denen Tierarten sebr versebieden. Diejcnige des Menscbenblutes 
ist sebr niedrig und die des Hundeblutes verbaltnismiissig boeb. 

Die Yersuche mit Hundeblut sind sowobl in vitro als aucb in vivo 
ausgefiihrt worden. Die ersteren sind mit Blut von drei versebiedenen 
Hunden in folgender Weise vorgenommen worden. Yenenblut wurde 
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mit 3.4 %-iger Natriumcitratlosung versetzt, im VerMItnis wie es 
fiir die Bestimmung der Senkimgsreaktion iiblicli ist. Daaacli wurde 
Dextranlosung und pbysiologisclie Koolisalzlosuug in variierenden Men- 
gen zugefiigt. Die Bereitung der Blutproben gebt aus Tabelle 2 bervor, 
die von einem der Versucbe berstammt. Zwei verscbiedene Dextran- 
praparate,' Nr, L 30 nnd L 36 kamen zur Anwendung. Sie entbielten 
6 % Dextran in 0.9 % Kochsalz und batten eine relative Yiskositat 
von 5,0. 

Tabelle 2. 


Probe 

Hundeblut 
in ml 

3,4%-igO 
Natrium- 
c itratlg. 
i n ml 

6%-igo 
Dextran - 
losvmg 
in ml 

Physiol. 
NaCl 
in ml 

Dextran 

ia % 

1 

1.5 

0.5 

0.4 

— 

1 

2 

1.5 

0,5 

0.3 

0.1 

, 0.75 

3 

1.5 

0.5 

0.2 

0.2 

0.5 

4 

1,5 

0.5 

0.1 

0.3 

0.25 

6 

1.5 

0.5 

0.05 

0.35 

0.125 

6 

1.5 

0.5 

0.025 

0.38 

0.063 

7 

1.5 

0.5 

0.013 

0.39 

0.032 

Kontrolle . . 

1.5 

0.5 

— 

0,4 

— 


Mit dem Dextranpraparat L 30 wurden mit Blut von einem 
Hund die Werte 120 und 30 mm/1 Std. bei einer Dextrankon- 
zentration von 1.0 bezw. 0.5 % Dextran erbalten. Mit L 36 wurden 
mit Blut von zwei anderen Himden die Werte 12 und 23 mm/1 Std. 
mit 1 % Dextran rmd 11 xmd 12 mm/1 Std. mit 0.6 % Dextran 
erbalten, Kontrollbestimmungen der Senkungsreaktion obne Dex- 
tranzusatz gaben fiir diese direi Tiere die Werte 1.5, 1.5 und 2 
mm/1 Std. 

In vivo Versucbe wurden an einem Hund mit einem Gewicbt 
von 9 kg ausgefiibrt. Aderlass von 120 ml Blut durcb Venen- 
punktion 12.30 b, 7.1.1914. 13.00 b Injektion von 106 ml 6 %-iger 
DeXtranlosung in 3 %-iger Hatriumcbloridlosung (Prap. L 30). 
Blutproben 13.15 b am 7.1., 14.15 b am 7.1., 16.30 b am 7.1., 
17.10 b am 8.1., 15.45 b am 9.1., sowie 14,00 b am 11.1. Das 
Eesultat zeigt Abb. 3. In diesem Versucb wurden gleicbzeitige 
Bestimmungen des Dextrangebaltes im Blut nicbt vorgenom- 
men. Wabrend der beiden ersten Stunden war die Reaktion un- 
verandert imd Melt sicb um 35 — 40 mm/30 Min. und 80 — 85 
mm/1 Std. In den folgenden 2 Tagen wurden niedrigere Werte 
gemessen, namlicb 54 bezw. 19 mm/1 Std. und nacb weiteren 
zwei Tagen war die Reaktion wieder normal. 

In einem anderen Versucb am selben Hund wurde die Senkungs- 
reaktion und die Dextrankonzentration im Blut gleicbzeitig be- 
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stimmt. Hier kam Praparat 732 k zur Anwendtmg, Dextrankon- 
zentration 4 % in 3 %-iger NatriumcHoridlosung, ralative Vis- 
kositat 4. Blutproben unmittelbar nach Injektion und nacb 2, 
25 nnd 47 Stunden. (Der Dextranwert der ersten Blutprobe ging 
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Abb. 3. Senkungsreaktion beim Hund nach intravenSser Dextraninjektion. 


verloren, aber 'wir wissen aus Erfabinng von anderen abnlicben 
Versucben, dass die Blutkonzentration gleicb nacb der Injek- 
tion 'wesentlicb, ca. 30 %, bober liegt als nacb 2 Std.) Das Re- 
snltat ist in Abb. 4 znsammengestellt. 



O Dextrankonzentration 


Senkunga- 
reaktion 
in mm 
pro Stunde 


Abb. 4. Dextrankonzentration im Bint und Senkungsreaktion beim Hund 
nach intravenSser Dextraninjektion. 

2 — i50266. Acta phys. Scandinav. Vol.9. 
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Die Versuclie mit Hundeblut zeigen in vitro eine reclit wesent. 
liche Steigerung der Senkungsreaktion nack Zusatz von Dextran 
zu Blut. Dasselbe Eesultat erlialt man in vivo. Hier ist die Erko- 
knng nnmittelbar nack der Dextraninjektion-zu registrieren. Sie 
nimmt wakfend der ersten Stunden nickt ab, wokl aber wakrend 
der folgenden Tage. Mit der Eliminierimg des Dextrans ans dem 
Blute kat auck die Senkungsreaktion normals "Werte erreickt. 
Eine absolute Parallelitat zwiscken diesen beiden Werten kerrsckt 
indessen nickt. Die Senkungsreaktion fallt nickt parallel mit der 
Dextrankonzentration ‘wakrend der ersten Stunden nack der In- 



I 0.76 ^ Dextran 

n 0.50 % > 

HI 0.26 % > 

rv 0.12 % > 


Zeit in Hin. 


Abb. 5. Senkungsreaktion in Menscbenblnt verschiddener Dextrankonzentration. 


jektion und im Versuck Abb. 4 ist sie nack 25 Std. koker als 
nnmittelbar, nack der Injektion. Die nakefen Ursacken kierfur 
sind nock- nickt ermittelt. 

Die Versucke am Mensckenblut umfassten Bestimmungen der 
Senkungsreaktion bei variierendem Dextranzusatz und Unter- 
suckxmgen der Pseudoagglutination bei versckiedener Dextran- 
und Elektrolytenkonzentration. Bei der Bestimmung der Sen- 
kungsreaktion "wurde in der Weise verfakren wie, sckon fiir die 
Versucke mit Hundeblut besckrieben. Blut von drei versckiede- 
nen Versuckspersonen kam zur Untersuckung, wobei die oben 
genannten Praparate L. 30 und L. 36 zur Anivendung. kamen, 
das erstere in einem, das letztere in zwei Pallen. Das. Eesultat 
solcker Versucke tvird in. Abb. 5 wiedergegeben. Die. Senkungs- 
reaktion mit Prap. L, 30 betragt. nack einer Stunde be! einer 
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Dextrankoiizentration von 0.75 % 85 mm. 0.6 % Dextran gibt 
mir den Wert 62 mm. Sowohl mit diesem Praparat als auch. mit 
L. 36 vruxde fiir Menscbenblnt eine starkere Beeinflnssung der 
Senkungsreaktion beobacbtet als fiir Hundeblut. Dieses veran- 
scbaulicbt Abb. 6, wo die Werte fur die Senkungsreaktion aller 
seeks Yersucke nack einer Stunde der Dextrankonzentration ge- 
genubergestellt sind. 
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Abb. 6. Senkungsreaktion in Menseben- und Hnndeblnt versebiedener Dextran- 

konzentration. 


Die in den Blutproben mit Dextranzusatz beobacktete Pseudo- 
agglutination kann reckt stark sein imd sekeinbar den Eindruck 
wirklicker Agglutination geben. Der Effekt ist augenfalliger je 
koker die Dextrankonzentration ist. Er ist jedock auck von der 
Grosse der Dextranmolekiile abkangig xmd ^kt mib sinkendem 
Molekulargewickt. In Verbindung mit den oben besekriebenen 
Versucken iiber die Senkungsreaktion haben wir den Grad der 
Pseudoagglutination untersuckt. Die Blutproben fiir die Bestim- 
Tnnng der Senkungsreaktion sind 30 — 60 Min. nack der Misekung 
mikroskopisek imtersuckt worden. Bei der kocksten Dextrankon- 
zentration beobackteten wir den starksten Effekt der bei fliick- 
tiger Betracktung den Eindruck spezifiseker Agglutination mackte. 
Bei nakerer Besicktigung liess sick indessen eine primare Miinz- 
rollenbiidung wakrnekmen, was auck die Proben mit niedrige- 
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rem Dextrangehalt bestatigten. Die Abbildungen A — in Abb. 
7 stellen die Pseudoagglutination bei einem Dextrangebalt von 
1.0, 0.75, 0.5 und 0.25 % dar. In Konzentrationen bis berauf zu 
0.5 % ist dieselbe ziemlicb unbedeutend, bei 0.75 % und dar- 
iiber stark ausgepragt. Mit Dextran, das in 6 %-iger Losung eine 
relative Viskositat von ca. 9 gab, ist der Effekt nock starker. 


A 


B 


C 


D 


A 0.26 Dextran 

B 0.60 % > 

C 0.75 % > 

D 1.00 % > 

Abb. 7. Pseudoagglntination in Menschenblnt variierender Dextrankonzentration. 

Wie scbon bervorgeboben kann man aus in vitro Versuchen 
nicbt mit Sicberbeit beurteilen, welcbe Wirkung diese Steigerung 
der Senkungsreaktion und Pseudoagglutination der roten Blut- 
korpercben am Menscben nach grosser en Dextraninjektionen ba- 
ben kann. Es diirfte dock motiviert sein, mit Ausgangspunkt 
von diesen Versucben einige allgemeine Erwagungen anzustel- 
len. Eine scbadliche Einwirkung muss auf die erste Zeit nacb 
der Injektion begrenzt sein, wahrend die Senkungsreaktion noch 
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hoch ist. Die wahrend dieser Zeitspanne herrscliende Dextran- 
konzentration kiingt in erster Linie von der Grosse der Infusion 
ab. Fiihrt man einer Person von 76 kg Korpergewicbt nnd 6 
Liter Pint nack einem Blutverlust von 1 Liter 800 ml 6 %-iger 
Dextranlosimg zu, erhalt man eine Dextrankonzentration von 
ca. 0.8 %, die nack zwei Stunden auf 0.6 % reduziert ist. Die 
Senkungsreaktion diirfte bei ca. 80 mm/1 Std. liegen. An nnd 
fiir sick brauckt dieser koke Wert fiir die Senkungsreaktion kein 
Eisiko zu bedeuten, aber es ist nickt ausgescklossen, dass der 
Dextrangekalt den pkysikalisck-ckemiscken Status des Elutes in 
unvorteUkafter Weise verandert. Diese Ersckeinimgen kat man 
sckon bei den friikeren Versucken mit Plasmasubstituten wie 
Gummi arabicum (Bayliss, 1917), Polyvinylalkokol (Hueper und 
lilitarbeiter, 1940) und Polyvinylpyrrolidon (Hecht und Weesb, 
1943) beobacktet, und die Veranderungen in der Senkungsreak- 
tion waren in diesen Fallen von derselben Grossenordnung wie 
die kier besckriebenen. Indessen kaben nack den Literaturanga- 
ben zu urteilen diese Plasmasubstitute keine Sckaden verursackt, 
die auf eine abnorm starke Pseudoagglutination oder eine er- 
sckwerte Zirkulation zuriickzufiikren waren, wenigstens nickt das 
Gummi arabicum. Um eine allzu starke lokale Agglutination in 
den von der Injektionsstelle ableitenden Venen zu vermeiden, 
kaben wir uns die Erfakrung zunutze gemackt, dass eine erkbkte 
Salzkonzentration die Agglutination aufkebt. Wir kaben deskalb 
das Dextran in unseren spateren Versucken nickt in pkysiolo- 
giscker Kocksalzlosimg sondern in 3 %-igem Natriumcklorid ge- 
lost. 


Der Kolloiddruck de.s Dextranhydrolysates. 

Der Eolloiddruck wurde in Dextrankydrolysaten von variie- 
render Viskositat imd Konzentration in 0.9 %-iger Natriumcklo- 
ridlosung bestimmt. Die Messungen wurden in Osmometern nack 
Ejiogh und Nakazawa (1927) mit Kollo diummembranen ausge- 
fiikrt. Hier soil nur eine Versucksserie mit dem Praparat Op 
L 36 mitgeteilt werden, das in 6 %-iger Losung eine relative 
Viskositat von 6.0 katte. Drei Osmometer wurden gleickzeitig 
mit ein und derselben Losimg gefiillt. Die untersuckten Konzen- 
trationen waren 3.1, 4.7, und 6,2 %, Die Berecknung des Kolloid- 
druckes gesckak folgendermassen. Von der Summe des- Mano- 
meterdruckes plus Hoke der Wassersaule in d©ii Osmometetn 
wurde der in derselben Weise an einer 0.9 %'*'igfen iSTatriumcklo^ 
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ridlosung gemessene Druck subtraMert. In TabeUe 3 siiid die 
Werte zusammengestellt. 

Tabello 8. 


OpL36 

Konz. 

in % 

Gemcssener 
Druck 
in mm HjO 

Mittelwert 
in mm H.O 

Druck 
pro 0/^ 
Dextran 

6.2 

355 




346 

341 

55 


325 



4.7 

280 




240 

222 

47 


145 



3.1 

116 




135 

120 

39 


110 




Der gemessene Druck ist von derselben Grossenordnung wie 
derjenige fiir entsprecbende Konzentrationen von Serumeiweiss. 
iEine 6 %-ige Losung dieses Dextranhydrolysates gibt einen Druck 
von 340 mm HoO und berecbnet pro % Dextran nimmt der Druck 
mit der Dextrankonzentration in ahnlicber Weise ab wie fiir Se- 
xumeiweisslosungen. 

Bei der Beurteilung dieses Resultates muss man folgendes be- 
liicksicbtigen. Die Permeabilitat der Kollodiummembran ist 
nickt dieselbe vie die der Zellmembranen und die polydisperse 
Dextranlosung entbalt eine geringere Menge verbaltnismassig 
kleinmolekularen Materials, welcbes die Zellmembranen durck- 
tritt. Deshalb muss der Kolloiddruck und die vrasserbindende 
Fabigkeit des Dextrans in den Kapillaren etwas geringer sein 
nls in den Gsmometern. 


Die Wirkung des partiell liydrolysierten Dextrans 
bei experimentellem Schock. 

Als eine Orientierung iiber den-therapeutisclien Effekt der Dextran- 
losungen baben wir ihre Wirkung auf den experimentell bervorgeru- 
fenen Scbock an Versuchstieren gepruft. Die verwendeten Praparate 
waren partiell bydrolysiertes Dextran von demselben Dispersitatsgrad 
vie in den oben bescbriebenen Versucben. Die Dextrankonzentration 
betrug ca. 6 % und die Koobsalzkonzentration 0.9 oder 3 %. 

Als Versucbstiere dienten Katzen und Kanincben. Narkosemittel 
fiir Kanincben 0,c ml Numal »Eocbe<( per kg intravenos, fiir Katzen 
<6 ml 25 %-iges Metbyluretban per kg Korpergewicbt subcutan. 

Die Metbode fiir die Blutdruckregistrierung vrar die fiir blutige Ee- 
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gistrierung mit Quecksilbermanometer gebraucliliche. Die Atemregi- 
strierung bescbrankte sicb auf die Atemirequenz. 

Drei verscbiedeue Scbockformeu sind studierfc -wordea, der Blutungs- 
Ecbock, der Histaminscbock und der traumatiscbe Scbook. In samt- 
licben Fallen erstrebten -vrir die bocbsfcmoglicbe Blutdrucksenkung, 
die weder letalen Charakter batte, nock eine sicbere Tendenz zu spon- 
taner Steigerung aufwies. Der Blutungsscbock wTirde durcb rascben 
Aderlass von 40 — 70 ml Blut durcb das Seitenrobr der Carotiskaniile 
ausgelost. Der Histaminscbock wurde an Katzen mit O.s mg Histamin 
pro kg Korpergewicbt hervorgerufen. Der traumatiscbe Scbock VTirde 
durcb Quetscben der binteren Extremitaten in tiefer Narkose erzeugt. 
Im letzteren Falle -war die Senkung des Blutdruckes ziembcb scbwer 
^u dosieren, \ 7 esbalb dieser durcb wiederbolte geringere Traumata 
zum ge-wtinscbten Niveau gesenkt wurde. 

Als Indikator fur die Einvirkung der Dextranlosimg auf den Scbock- 
zustand v^ablten vir ibre blutdrucksteigernde Fabigkeit. Eine Steige- 
lung des Blutdruckes beim Scbock kann mit Kristalloidlosungen al- 
lein erreicht werden. Fiir die so erzielten Effekte, ist es indessen cba- 
rakteristiscb, dass aie vreniger ausgepragt und von mebr oder weniger 
voriibergebender Natur sind. Besonders bei maximalen Blutdrucksen- 
kungen durcb Blutung baben \rir nur sebr scbwacbe und voriiberge- 
bende Effekte mit pbysiologiscber Kocbsalzlosung gefunden. Bei ver- 
■gleic-benden Untersucbungen iiber den Effekt von Kristalloidlosungen 
und artifiziellen Plasmasubstituten fiibrte Bayliss (1917) sogenannte 
Austauscbversuobe ein. In diesen Versucben, die sicb iiber recbt lange 
Zeit erstrecken miissen, vdrd durcb wiederbolten Austauscb eine ge- 
vfisse Blutmenge mit der zu prufenden Losung ersetzt. Entscbeidend 
ist dann, vie vie! Fliissigkeit in dieser "Weise ersetzt werden kann und 
wie sicb der Blutdruck verbalt. Eine Priifung friiberer Versucbe, so- 
vrie unsere eigenen Versucbe sprechen jedocb dafiir, dass man den 
Effekt ciner KoUoidlbsung teils an ibrer Fabigkeit, den Blutdruck 
unmittelbar zu steigern und teils an der Dauerbaftigkeit des Effektes 
messen kann. TFir baben desbalb in samtiicben Fallen nur eine Steige- 
rung des Blutdruckes ausgelost, aucb ■wenn diese maucbmal durcb 
w’ederbolte geringere Injektionen erzielt wurde. 

Versucbe mit Blutungsscbock sind an Kanincben imd Katzen 
ausgefiibrt worden. In einem typiscben solcben Versucb (Versucb 
14) wurde eine KatZe von 2,8 kg verwendet. Zu Beginn des Ver- 
sucbes wurde der Blutdruck zu 118 mm Hg gemessen. Nacb 
einem Aderlass von 60 ml fiel der Druck. auf 15 mm- Hg, redu- 
zierte Atemfrequenz und oberflacblicbe Atmung. Zuerst wurden 
innerbalb 6 blin. 30 ml 6.5 %-iger Dextranlosung, Praparat 706, 
in drei Portionen von je 10 ml intra vends gegeben. Hierbei stieg 
der Blutdruck auf 75 mm Hg. Nacb einigen blinuten wurden 
weitere 30 ml zugefiibrt, wodurcb der Blutdruck sofort auf 100 
mm Hg stieg. Im weiteren Verlauf stieg er weiterbin rmd erreicbte 
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nacli 45 Min. den Ansgangswert, wo er dann bis zum Abbrucb 
des Versncbes nacL. "weiteren 30 Minuten verblieb. 

In einem analogen Versucb mit einem Kanincben (Versucb 
13) von 3.5 kg wnrde zu Beginn des Versncbes ein Druck von 
90 mm Hg legistriert. Ein Aderlass von 60 ml Bint bewirkte 
eine Senkung aiif 16 mm Hg. 30 ml 6.5 %-igen Dextrans gab 
eine nnmittelbare Steigerung auf 50 mm Hg, gebesserte Atmnng 
nnd bobexe Pulsamplitnde. Nacb 12 Min. batte der Druck ca, 
80 mm erreicbt nnd nacb weiteren 20 Min. 85 mm, also beinabe 
den Ausgangswert. Jetzt wurden weitere 15 ml gegeben, die kei- 
nen unmittelbaren Effekt erkermen liessen, wobl aber eine lang- 
same weitere Steigerung, sodass der Druck nacb 20 Min, 120 
mni betrug, also 20 mm bober als der Ausgangswert, 

Versucbe mit Histaminscbock (Versucb H 3) wurden an Katzen 
ausgefiibrt. In einem typiscben Versucb war der Initialdruck 
90 mm Hg. 0.5 mg Histamin senkte den Druck voriibergebend 
auf 30 mm, worauf er "wieder auf 70 mm anstieg, Darauf wurden 
1.5 mg Histamin gegeben, die eine Senkung auf 15 mm und 
Atemstillstand bewirkten. Eine erste Injektion von 30 ml (Pra- 
parat 732) steigerte den Druck zu 60 mm Hg in 14 Minuten. 
Eine weitere Injektion von 20 ml steigerte ibn in 20 Min. auf 
oa. 100 mm, d. b, bober als den Ausgangswert. Als der Versucb 
nacb weiteren 30 Minuten abgebrocben wurde, bestand dieser 
Druck nocb. 

Versucbe mit traumatiscbem Scbock wurden an Kanincben 
ausgefiibrt. In einem typiscben solcben Versucb (Versucb 6) wur- 
den 3 wiederbolte Quetscbungen der binteren Extremitaten vor- 
genommen. Der Initialdruck war 100 mm Hg und sank auf 30 
mm, welcber Druck sicb dann konstant zu balten scbieu. So 
wurden 20 ml Dextranpraparat nr 709 innerbalb 3 Minuten ge- 
geben und sofort eine Drucksteigerung auf den Normalwert re- 
gistriert. Wahrend der folgenden 30 INIinuten bielt sicb der Druck 
konstant. 

Wie die Versucbe zeigen, konnen die verwendeten Losungen 
partiell bydrolysierten Dextrans nacb intravenoser Zufubr an 
Versucbstieren experimentell bervorgerufenen Scbock aufbeben. 
Der Effekt tritt besonders durcb die blutdrucksteigernde Wirkung 
bervor. Er setzt unmittelbar nacb Beginn der Injektion ein und 
zeigt sicb ausser in der Blutdrucksteigerung aucb in einer ge- 
besserteu Atmung und gesteigerten Pulsamplitnde. Er setzt scbon 
nacb Zufubr geringeren Volumens ein und ist bestandig. 
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Parallelversuclie, die Her nicht nalier besckcieben sind, wurden 
mit physiologiscber Kocbsalzlosung ausgefiibrt. Ein voUstandiger 
Parallelversucb zu dem bier oben bescbxiebenen Versucb Nr. 14 
ist ausgefubrt. Statt Dextran wurde Kocbsalz in drei Portionen 
von je 10 ml gegeben. Jede dieser Dosen gab eine Steigerrmg 
von 14.6 bez-w. 13 mm Hg, die docb nacb weniger als einer Mi - 
nnte zurii'ckging. 

Der Effekt, der sick in samtlichen untersucbten Scbockformen 
als gut ervdesen bat, griindet sicb auf die Wasserbindungsfabig- 
keit des partieU bydrolysierten wie aucb unbydrolysierten Dex- 
trans, dessen Makromolekule die Kapillarmembranen nicbt durcb- 
treten. Hierdurcb vdxd das Wasser in den Blutbabnen zuriickge- 
balten und ein ausreicbendes zirkulierendes Blutvolumen aufrecbt- 
erbalten. Aucb beim Bbstaminscbock, der durcb eine erbobte 
KapillarpermeabUitat cbarakterisiert ist, bebalt das Praparat bin- 
reicbende •wasserbindende Eigenscbaften. Diese Kenntnis ist aucb 
fiir die Bemteilung der Anwendbarkeit bei den iibrigen Schock- 
formen von Bedeutung, Eine gesteigerte Permeabilitat in ver- 
bindung mit einer peripheren Gefassparalyse diirfte namlicb im 
Entstebungsmecbanismus des Schocks einen ziemlicb vesent- 
licben Faktor ausmacben. 

Vorbereitende Miniscbe Prufungen. 

Da die Tierversucbe gut aiisgefallen sind, diirfte es motiviert 
sein, aucb kliniscb die tberapeutiscbe Wirkung bei Infusion von 
partiell bydrolysiertem Dextran zu priifen. In solcben kliuiscben 
Versucben baben Tsir uns bisber darauf bescbrankt festzustellen, 
ob das Praparat in so grossen Dosen vertragen wird, wie es die 
Scbocktberapie erfordert, und welcbe Konzentrationen im Blut 
und Harn erreicbt werden. Die ersten Versucbe sind mit kleinen 
Dosen von ca. 50 ml ausgefubrt und nacb und nacb gesteigert, 
so dass nun wiederbolte Dosen von 400 ml in einer Anzabl Falle 
gegeben sind. Hierbei waren bisber durcbaus keine patbologiscben 
Beaktionen zu registrieren. Die Blut- und Harnanalysen in vor- 
bereitenden Versucben scbienen zu zeigen, dass ein Erwacbsener 
einige Stimden nacb Infusion von 400 ml 6 %-iger Dextran- 
losung mit der relativen Viskositat 6 eine Dextrankonzentration 
im Plasma von ca. 0.4 % und nacb 24 Std. ca. 0.3 % bat. Wabrend 
derselben Zeit wird in den Harn ungefabr ein Fiinftel des ver- 
abreicbten Dextrans ausgescbieden. Fiir die fortgesetzten klini- 
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Bclien TJiitexsiicliimgeTi ist eine Zusaimnenarbeh 
Gr. Bomansson imd Med. Dr. 0. Wilaitder, Orebro^^^^geSpii|-i| 
men worden. Die gewonnenen Kesultate sollen spStif mitgetbi^ 
werden. 

Friiliere Versuclie mit korperfremden KoUoidenlals Blasmas®^ 
stitnt werden relatiert und die Bedingungen, die solcHe; Snliistak-'cC 
Ben zu erfiillen kaben, in Kiirze zusammengefasst^7!|j-?;^-;^^^|.; 

Das nicbt bydxolysierte, sebr bocbmolekniare Di^tranvist 
Infusionszwecke nicbt anwendbar, da es Scbaden'.-n.,‘,alf^^ 

Leber und den Nieren verursacbt. ; 

Die Herstellung und Priifung partiell bydrolysierten ;De:^raM 
wird bescbrieben. Partiell bydrolysiertes Dextran ruf% ;bei^In-??1 
fusion an Versucbstieren keine anderen Scbaden als einelerbpMe | 
Senkungsreaktion bervor. Das Dextran wird abgebaut nnd''auB;>i 
den Blutbabnen so scbnell eliuuBiert, dass eine tberapeuti8cbe|;' 
Dosis in ca. 4 Tagen entfernt ist. • 

Losungen von partiell bydrolysiertem Dextran baben eine.'^nY' 
stige Wirkung auf experimentell erzeugten Scbock an Versuclist;; 
tieren. Versucbe werden bescbrieben, wo das Praparat bei traiiina^’.; 
tiscbem Scbock, Blutungs- und Histaminscbock verwendet vnirde; v- 
Eine kbniscbe Priifung des Praparates ist eingeleitet. ‘r:: 


Die Verfasser danken Herrn Professor Arne Tiselius fiir.'gute I 
Ratscblage bei der Ausfiibrung der Arbeit und den Herren Prptij: 
fessoren The Svedberg xmd Aron Westerlund fur ihr. woUr J 
wollendes personbcbes Interesse und fiir die Vergunstigung,';die/ 
Arbeit in ibren Laboratorien ausfiibren zu diirfen. ' / 

Wir danken Herrn Med. Dr. Nils Gtellerstedt fiir wertvplle!^. 
Hilfe mit den patbologiscb-anatomiscben Untersuobungen?': ,c ^ 
Die kliniscbe Vorprufung ist durcb das Entgegenkominen .vou ;;, 
Herrn Dr. Nils Lindborg ermoglicbt, wofur wir Ibiu'sKerzlitbst 
danken. Herrn Ingenieur S. KlevAs danken wir fiir Assistenz im 
Laboratorium. 

Die Untersuobung ist mit finanzieller Stiitze der-Ai-B^ Pb^^^^^^^ 
macia und der Svenska Sockerfabriks A.-B., ausgfefiibrt;;wprden;:f 
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In 1918 Howell and Holt discovered that an anticoagulant 
substance could be isolated from the liver, and this substance 
was designated by Howell as heparin. During the following 
years- this substance was submitted to a thorough chemical 
analysis and purification and its physiological properties were 
investigated (Howell, Charles and Scott, Fischer, Jorpes). 

This resulted in a product of a fairly well defined chemical 
composition which proved completely non-toxic on intravenous 
injection into animals as well as in man. 

Heparin is no ideal anticoagulant as the duration of its effect 
is too short. Furthermore, it is rather circumstantial and expen- 
sive to prepare. For these reasons, attempts have been made 
during the last two decades to prepare a number of synthetic 
anticoagulants, but none of them has been found to possess the 
non-toxicity of heparin. 

As finally the chemical composition of heparin was established 
as a polysaccharid (mucoitin) sulfuric acid ester, Bergstrom 
(1935) synthesized sulfuric acid esters of other polysaccharides 
and found that they all possessed some inhibitory action on 
blood clotting. As to the toxicity of these substances, Bergstrom 
reported that cellulose sulfuric acid ester is toxic on intravenous 
injection, producing hemorrhages into the pleura and Mdney, 
and that chondroitin-sulfuric acid ester is tolerated just as well 
as heparin. As to the toxicity of the other polysaccharid sulfu- 
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xic acid esters, Beegsteom offers no comment, nor about tbe 
■cau^ of tbe bemorrbages mentioned. 

As reported recently, Astrup, Galsmae and Volkert (1944) 
have synthesized bigbly active cbitin, cellulose and starch sul- 
furic acid esters, and I have investigated the physiological action 
of these substances. In the present paper some experiments will 
be reported on the effect of these substances on the thrombo- 
cytes in vitro and in vivo. These studies have revealed an inter- 
esting hematological aspect which may be deciding for a probable 
use of synthetic polysaccharid sulfuric acid esters as substitutes 
for heparin. 

Of the few reports available concerning the effect of this group 
of substances in the animal organism only the paper by Char- 
gaff and Olson (1937) states that examination of the thrombo- 
cytes was carried out in experiments with heparin, cellulose di- 
sulfuric acid ester and polyvinyl sulfuric acid ester. These authors 
state: “The platelet counts were not significantly altered during 
the course of any of these experiments,” — but they fail to re- 
cord explicitly at which point of time in these experiments the 
samples of blood were withdrawn for the thrombocyte count. 
Reuse (1939), working with starch sulfuric acid ester, does not 
deal with the thrombocytic aspect of the problem. 

The thorough investigation of the thrombocytic aspect of 
the blood under the influence of the polysaccharid sulfuric acid 
esters originated from the findings in some sedimentation tests 
carried out with these substances as anticoagulants. Thus it was 
found that when chitin, cellulose and starch compounds were 
employed, the sedimentation rate was different from that observed 
on employment of heparin or citrate; furthermore, the plasma 
layer did not present the usual opaque appearance, but was clear. 
Ror this reason the following experiment was carried out with 
human blood: 

Blood from an arm vein was distributed into 6 tubes, each con- 
taining a solution of one of the five anticoagulants to be tried. 
After spontaneous sedimentation of the blood corpuscles, a drop 
of the most superficial plasma layer was examined in a counting- 
chamber where the deposition of the thrombocytes was noted and 
their number determined. The experiment shows that the chitin, 
cellulose and starch compounds remove the majority of the 
thrombocytes from the plasma layer and cause a large part of 
the remaining to agglutinate (cf. Table I). 
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Table 1. 



4.5 CO blood 

4.5 cc blood 

4.5 cc blood 

4.5 cc blood 

4.5 cc blood 


-f- 0.5 CO of 

0.5 cc of 

-f 0.5 cc of 

-j- 0.5 cc of 

-f- 0.5 cc of 


3.6 % cit- 

0.5 % 

0.5 % JO 

0.5 % Gj, 

0.5 % 8 , 


rate solu- 

heparin 

sol. (chitin 

sol. (cellu- 

sol. (starch 


tion 

solution 

comp.) 

lose comp.) 

comp,) 

Appearance of the 




clear 

clear 

plasina layer 

milky 

milky 

almost 

clear 

Thrombocyte 





coimt (in thou- 
sands) 

ca. 300 

ca. 300 

60—60 

ca. 20 

ca. 20 

Deposition of 




singly- 

singly- 

thrombocytes . . 

singly 

singly 

singly- 

clusters 

clusters 

clusters 


Several series of corresponding experiments vrere carried out 
vdth. various cellulose and cHtin compounds, and essentially 
they gave corresponding results. Sometimes the thrombocyte 
count was found to be excessively low (only a few thousands) 
sometimes the reduction was not so marked (a count of 60,000, 
to 100,000), but in all the cases the values were abnormally low^ 
For further study of these aspects a similar experiment was 
carried out with a suspension of platelets. One drop of each of 
the five solutions of anticoagulants was added tb a drop of a 
suspension of platelets placed on the slides. A cover-slip was 
placed on the top of the mixture and the platelets were observed 
under the microscope. In the specimens containing a drop of 
the chitin, cellulose or starch compounds, several of the previously 
single platelets were seen to aggregate rather rapidly into small 
heaps, whereas the count remained xmchanged. The clustering 
was most pronounced in the preparations containing the Cellu- 
lose and starch compounds. The addition of’ heparin and citrate 
did not affect the thrombocytes. 

After this it may be considered established that the reduction 
in the thrombocyte count after addition' of the synthetic anti- 
coagulants mentioned must be due to a form of agglutination 
of the thrombocytes, through which the elements sediment in 
a greater or lesser degree together with the erythrocytes and^ 
thus, are removed from the supernatant layer of plasma, 

If a little of the plasnia is diluted 1: 10, there is no demonstra^ 
ble change in the intensity of -the clustering of the platelets. 

If blood is distributed in -a series of tubes containing solutions 
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o£ the chitin compound in increasing dilution, the agglutination 
\vill take place in all tubes where the blood is still fluid. 

An experiment similar to the one with human blood was now 
carried out with rabbit blood. To a series of tubes containing 
Va cc of Va % solutions in physiological saline of starch sulfmic 
acid ester {S) and of cellulose sulfuric acid ester (C), chitin sul- 
furic acid ester {K) and heparin, together 'nuth Ya cc of 3.6 % ci- 
trate solution, 2.5 cc of rabbit blood, taken from the carotid 


Table II. 


^UT5 • 

0—10 

thrombocytes, deposited singly 

^sa • 

6—10 

P 


IS, : 

G— 10 

» 


Hep. : 

ca. 325 

» 

> P 

Citrate: 

ca. 325 


P » 


artery is added to each. After cautious mixing and gentle centri- 
fuging for half a minute the thrombocyte content of the plasma 
layer, together with the deposition of the platelets was examined 
(cf. Table II. Thromboc}*tes count in thousands). 

Here again, the decreased platelet count obtained on employ- 
ment of cellulose-, chitin- and starch-compound as anticoagulant 
has to be explained in tl'C same manner as in corresponding 
experiments with human blood. No clustering of the thrombo- 
cj-tes is seen in the counting chamber, but the number of pla- 
telets is exceedingly small. The proof of an agglutination taking 
place also in this case is obtained by adding a drop of the cellu- 
lose, chitin or starch compound to a drop of the thrombocyte 
suspension in the citrate plasma, after which the clustering of 
the platelets may be seen under the microscope. 

In order to examine whether the corresponding conditions 
hold good in vivo after the injection of the three compounds 
mentioned, the following c.xperiments were canied out on rab- 
bits: Small amounts of the substances dissolved in physiological 
saline are injected into an car vein. At regular intervals samples 
of blood (1.4 cc blood — O.G cc sodium citrate) are taken from 
veins of the other car with a paraffined .sjTinge and needle. Ci- 
trated blood is employed because the low concentrations of sul- 
furic acid ester used in such experiments is not always sufficient 
to prevent coagulation in vitro. For, even a very slight commencing 
coagulation will interfere disturbingly with the experiment. 
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Experiment 266. 

Weight of rabbit: 2,250 g. The normal thrombocjMie count is deter- 
mined prior to the injection. 1 mg jB^ij/kg is injected intravenously. 
Samples of the blood are taken a few minutes after the injection and 
then, at intervals of 10 — ^15 min. until the thrombocyte count is normal. 
Immediately after the withdrawal of each sample of blood, it is centri- 
fuged cautiously for 30 sec., whereafter the thrombocyte content of 
the plasma layer is exatmned under the microscope. 

Prior to the injection of 1 mg JTtj/kg: thrombocyte count 480,000. 
5 Min. after inj: Thrombocyte count 15,000, singly or in small clu- 
sters 

20 > » » » t> 17,000 singly or in small clu- 

sters 

35 » » » » » 10,000 singly or in small clu- 

sters 

45 » » » » » 32,000 singly or in small clu- 

sters 

55 » » » » p 57,000 singly or in small clu- 

sters 

66 » » » » » ca. 200,000 chiefly in medium- 

sized clusters 

75 p p p P p 465,000 singly. 

The experiment shows that 1 mg of chitin suKmic acid 

ester acts powerfully on the thrombocytes of the rabbit by 
lowering the count of singly circulating platelets to a minimum. 
Gradually, as the experiment proceeds, the count of thrombo- 
cytes again rises, the increased number first becoming evident 
by the appearance of large clusters or flakes of platelets. A little 
later, 76 min, after the injection, the platelets are singly depo- 
sited and may be found in approximately the same numbet as 
at the beginning of the experiment. 

Experiment 267. 

Weight of rabbit; 2,250 g. (Same animal as in the previous experi- 
ment). ^/a mg Aia/kg is injected intravenously after determining before- 
hand the normal count of the thrombocytes. 

Prior to the injection of A„/kg: thrombocyte count 517,000. 

5 min. after inj.: Thrombocyte count 60,000, situated singly or in 

small clusters. 

15 » » » p p 35,000 situated singly or in 

small clusters. 

25 » » » » »ca. 120,000 chiefly in medium- 

sized clusters. 

35 » » p p 236,000 singly or in small 

clusters. 

45 » » » p 9 ca. 500,000 singly. 
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In this experiment the dose is half as large as in the previous 
one. The effect does not last quite so long, and is perhaps not 
quite so violent. Definitely smaller doses will scarcely have a 
noticeable effect on the platelets. 



Tig. 1. Effect on the clotting time in minutes and thrombocyte count after 
intravenous injection of 2 mg on a rabbit,' 

Experiment 265 shows the effect on coagulation as well as on the 
thrombocytes, after intravenous injection of 2 mg /f^g/kg. Weight of 
rabbit: 2,100 g. Under urethan anesthesia the left carotid artery is 
laid open, a cannule is inserted into the artery and samples of blood 
are taken every 10 minutes. The result may be read from the curves 
in Kg, 1, The full-line curve gives the clotting aspects, the stippled 
curve the thrombocyte counts. 

In other experiments, where the clotting time was determined 
simultaneously with the effect on the thrombocytes, no corres- 
ponding good agreement was obtained between the duration of 
the two widely different effects on the blood. More often the 
thrombocytic effect was of longer duration, but in a few cases 
this effect failed to manifest itself at all with doses which proved 
normally to be effective, and the cause of this failure has not 
been cleared up fully. As a rule, however, it may be stated that 
the effect on the thrombocytes is most marked. 

The same experiment was carried out on rabbits with cellulose 

3 — ii50266. Acta phys. Scandinav. Vol.9. 
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sulfuric acid ester. The effect of this compound on the thromho- 
cytes in vivo is illustrated by the following experiment: 


Experiment 270. 

Weight of rabbit 2,400 g. Intravenous injection of 1 mg Cj./kg. 
Citrate blood taken from ear vein. 

Prior to the injection: 640,000 thrombocytes. 


5 min. af 

ter inj: Thrombocyti 

20 

» 

» » 

» 

50 

» 

» 1) 

» 

80 

» 

» » 

» 

100 

» 

» 1) 

» 

120 

» 

1) ) 

» 

145 

» 

I) » 

» 


count 12,000, situated singly. 

» 8,000 » » 

» 4,000 » » 

» 31,000 singly or in small 

clusters. 

» 100,000 singly or in small 

clusters. 

» 482,000 singly and a few 

clusters. 

» 600,000 situated singly. 


As will be noticed, intravenous injection of cellulose sulfuric 
acid eter has an even more pronounced effect on the thrombo- 
cyte count than has the chitin compound. 

Finally, the effect of starch sulfuric acid ester on the thrombo- 
cytes was investigated as shown in the following experiment: 


Experiment 257. 

Weight of rabbit 2,225 g. Yz uig of S^jkg injected intravenously. 
The outcome was as follows: 

Before inj.: 614,000 thrombocytes, deposited singly. 

2 min. after » 39,000 » singly and in small clu- 


20 

» 

» 

» 

28,000 

34 

» 

)> 

1) 

36,000 

54 

» 

» 

D 

24,000 

70 

i> 

» 

» 

47,000 

100 

» 

» 

» 

82,000 

120 

» 


» 

ca. 500,000 

135 

» 

» 

» 

» 500,000 

155 

» 


» 

» 525,000 


sters. 

» singly and in small clu- 

sters. 

» singly or in, small clu- 

sters. 

» singly and in small clu- 

sters. 

» singly and in small clu- 

sters. 

» singly and in small clu- 

sters. 

» mostly in large and 

small clusters. 

» mostly in large and 

small clusters. 

» singly — a couple of 

clusters. 
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In connection with these experiments, another experiment with 
heparin will be cited in order to demonstrate that heparin is 
perfectly indifferent to the thrombocyte count in vivo.: 

Experiment 268: 

"Weight of rabbit 2,250 g. Intravenous injection of 1 mg heparin/kg. 

Before inj.: 393,000 thrombocji;es, deposited singly. 

5 min. after » 372,000 » » » 

35 » » » 373,000 » » » 

Temporary thrombopenia and intravital agglutination after in- 
travenous injection of some high-molecular substances — c. q., 
large doses of peptone — have been demonstrated previously. 
In 1909 Achard and Aynaud reported this interesting hema- 
tological phenomenon. Soon after intravenous injection of pep- 
tone they were able to demonstrate a tremendous fall in the 
platelet count to very low values; and the platelets reappeared 
15 — 20 minutes later. Achard and Aynaud assumed that an 
agglutination took place in the liver capillaries where the throm- 
bocytes accumulated. In all the animal experiments this form 
of thrombocytopenia was accompanied by leucopenia, and by 
coma or somnolence. These concomitant phenomena disappeared 
at the return of the thrombocytes to the blood. 

Petri (192(J) likewise demonstrated the appearance of throm- 
bopenia shortly after intravenous injection of peptone, but he 
does not mention the phenomenon of agglutination. He explains 
the fall in the platelet count as a ’‘transitory anomaly of distri- 
bution”. At the juncture when the thrombocytes had reached 
excessively low values, no accumulation of these elements could 
be demonstrated in the blood vessels of the internal organs. 

From the experiments here reported it is evident that synthet- 
ic sulfuric acid esters of cellulose, starch and chitin, all of which 
are strong anticoagulants, are able in vitro to agglutinate the 
thrombocytes, so that these elements are removed from the su- 
pernatant layer of plasma on the sedimentation of the red blood 
cells, the plasma thus becoming clear and translucent. In vivo 
the intravenous injection of minimal amounts of the substances 
mentioned produces a marked reduction in the number of singly 
circulating thrombocytes. A minimal thrombocyte count is ob- 
tained even as early as two minutes after the injection. The ap- 
pearance is abnormal, a great many of the platelets agglutinating 
in small clusters. Gradually, on the reappearance of the plate- 
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lets, they are found at first to return as lumps or flakes, while later 
they are distributed singly, and then their number returns to a 
normal level. 

None of the experiments here reported were associated with 
general symptoms of any character in the animals. When larger 
amounts of the synthetic substances were injected, however, more 
or less marked toxic phenomena were observed. 

In an attempt to explain the temporary thrombopenia, the 
following possibilities are to be taken into consideration. 

1) After their agglutination the thrombocytes are removed 
from the plasma layer by sedimentation together with the red 
blood cells, the normal amount of platelets being found in the 
samples of blood withdrawn. If this should be the case, the throm- 
bopenia demonstrated is merely apparent, 

2) The thrombocytes are present in the vascular system as 
clusters deposited along the endothelium. In this case, the actual 
platelet count in a blood sample will be low. 

3) The platelets are removed from the blood stream and accu- 
mulated as lumps of thrombocytes in the organs serving as a 
filter for the blood, above all, the lungs, but also the liver and 
spleen. 

4) The disappearance of the thrombocytes from the circulation 
might be due to destruction of the platelets. But this possibility 
may be ruled out at once, as the restoration of tlie platelet count 
to a fairly normal level may take place within a very short time 
(about half an hour or a few hours) whereas real regeneration 
of the same number of platelets will require several days. 

In order to exclude the first-mentioned possibility, some ex- 
periments were carried out, all giving the same results, on which 
account it will be sufficient here to cite one of them. 


Experiment 340. 

Weight of rabbit 2,100 g. Normal thrombocyte count 769,000. A 
drop of citrate blood was examined under the microscope before the 
sedimentation had taken place. The specimen showed the thrombo- 
cytes to be distributed singly, in an apparently normal number. From 
another sample of blood, containing 1.5 % solution of cellulose sul- 
furic acid ester (Cia) a drop was likewise examined under the micro- 
scope and showed large agglutinates of thrombocytes but the number 
of thrombocytes was apparently normal. After an intravenous injec- 
tion of 5 mg Cia/kg a sample of blood indicated a considerable decrease 
of the number of platelets, while no large clusters were seen. 
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These experiments make it rather probable that the phenom- 
enon observed after intravenous injection involves a true 
thrombopenia, as an essential part of the platelets are removed 
from the circulating blood. Probably the clusters of thrombo- 
c}d;es are either deposited on the vascular endothelium or they 
are sifted from the circulating blood in the various organs. 

The agglutination phenomenon here described is widely dif- 
ferent from the agglutination of platelets taking place on clot- 
ting of the blood. While the agglutination produced by poly- 
saccharid sulfuric acid esters is reversible and produces no change 
in the appearance of the platelets, the clumping of the platelets 
taking place on clotting of the blood is irreversible and destruc- 
tive to the thrombocytes, which thus become firmly united with 
the fibrin formed. 

As to the relation between the effect on the clotting of the 
blood and the effect on the platelets, no definite rules may yet 
be laid down. Generally the effect on the clotting time will be of 
shorter duration than the agglutination of the platelets. In more 
rare instances, the reverse may take place. Both of these effects 
are subject to considerable individual variation. Thus in a t^'w 
animals there is no evidence whatever of the effect on the tlirom- 
bocyto count with doses in other animals produce a very strong 
effect; and in other animals the thrombopenia is not so pronounced 
as observed in the present experiments. 

In view of the properties of the polysaccharid sulfuric acid 
esters here demonstrated, their more or less pronounced toxicity 
has to be attributed to their agglutinative effect on the platelets, 
and consequently the employment of such compunds for injec- 
tion on man has to be avoided. The risk that the aggregates of 
thrombocytes may give rise to infarction is obvious. Studies on 
this aspect of the problem, together with the anticoagulant ca- 
pacity of these substances, their excretion, etc. will be published 
later. It is a very interesting fact that the organism’s own anti- 
coagulant, mucoitin polysulfuric acid ester (heparin) is quite in- 
different to the platelets, although it is a compound of the same 
type as the above-mentioned. 

Whether it will be practicable through a. change in the molec- 
ular structure to reduce or abolish the undesirable agglutina- 
ting effect on the thrombocytes is a question that is now* being 
studied more thoroughly in experiments with the substances pre- 
pared by Karrer and collaborators — substances that are 
claimed to be less toxic than the ones employed here. 
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Summary. 

It is demonstrated that some synthetic anticoagulants of the 
polysaccharid sulfuric acid ester group (chitin, cellulose and 
starch sulfuric acid esters) on intravenous injection in rabbits 
produce an agglutination of the thrombocytes and reduce the 
number of circulating platelets. This effect is of rather short dura- 
tion and completely reversible. The toxicity of these substances 
reported by some authors may be due to the phenomenon demon- 
strated here. 

The mucoitin polysulfurio acid ester (heparin) found in the 
animal organism does not have the same effect on the thrombo- 
cytes. 

The present work was carried out with the aid of a grant from 
“P. Carl Petersens Fond”. The rabbits required for the investigations 
were generously supplied by “Lovens kemiske Fabrik”, Copenhagen. 
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Introduction. 

Earlier investigations (Gildemeister and his school) have 
shown that the conduction of human skin to alternating current 
(a.c.) is capacitive, i.c., here as in the case of a condenser there 
occurs a phase displacement between alternating voltage and 
alternating current (voltage after current). Since the phase dis- 
placement is less than 90°, the skin corresponds to a condenser 
with loss. Thus the a.c.-resistance or impedance is complex, and 
consists of a capacitive and an ohmic component, both of which 
change at the rise in the frequency of the a.c. The frequency 
dependence of the a.c.-resistance or impedance of the skin cannot 
be pictured as a simple electric system consisting of a frequency 
independent resistance and capacity in series or parallel circuit. 
It has been impossible to explain the magnitude of the skin 
capacity by assuming that stratum corneum is a dielectric with a 
dielectric constant of 7. Since the frequency dependence and loss of 
the skin capacity show resemblance to the frequency dependence 
nnd the loss in the case of a polarization cell, the skin capacity 
has been regarded as a polarization capacity, and localized to the 
cell membranes in the living cell layer in the stratum germinativum 
(Gildemeister and his school, Barnett 1938). 
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The demonstration that the a.c.-resistance of the skin almost 
exclusively is localized to the stratum corneum (Rosendal 1940) 
raises again the question of the nature of the skin capacity, and 
especially the question of the quality of stratum corneum as a 
dielectric. The present investigation has for its object a study of 
this question. 


Method.^ 

Object of measurement. The investigations are made on stratum 
corneum from the heel of cadavers. Here the stratum corneum is about 
1 mm thick, and may therefore be dissected off from the underlying 
tissue and separated almost completely from the stratum germinati- 
^^lm, as verified by microscopy. The a.c.-resistance for frequencies up 
to 40,000 cycles is partly determined on freshly prepared stratum 
corneum (area 6 cm^) and partly on stratum corneum dried for a period 
of days to constant weight. The a.c.-resistance is moreover determined 
for a membrane prepared by compressing pulverized, dry stratum 
corneum. The pulverizing is carried out by trituration of the dry cor- 
neous layer in liquid air in a mortar, followed by grinding in a ball mill 
for several days. The fine, dried stratum corneum powder is then 

formed under pressure (200 — 250 kg/cm“) 
into a uniform membrane having a thick- 
ness of 0.5 — O.G mm. The a.c.-resistance 
of this membrane has also been determined 
after soaking with distilled water. Finally, 
the a.c.-resistance has been determined 
for a membrane prepared after mixing 
300 mg of dry stratum corneum powder 
with 100 mg of water. 

The object of measurement is placed 
between 2 . mercury electrodes having an 
area of 6 (in some experiments 3.8) cm“, 
as shown in fig. 1. In a few instances the 
object is placed between 2 parallel circular 
metal plates having an area of 9.g cm®. 

Method of measurement. The apparatus 
used in measuring the complex a.c.-resist- 
ance of the stratum corneum or of the 
membrane consisted either of a GruTZ- 
MACHEE bridge (1934) or a capacity 
measuring bridge to which the object 
(fig. 1) is connected. With regard to the 
first mentioned assembly, reference is 

^ The Laboratory for Telephony and Telegraphy, Daninarks Tekniske Hojskole, 
has most kindly placed its facilities at disposal for this work, and the atithor wishes 
here to express his sincere thanks to Professor J. Oskau Nielsen. Ee is also in- 
debted to Sir. R. SvENSSON, Civil Engineer, for valuable advice. 



Pig. 1. Object of measurement. 
0: stratum corneum, or mem- 
brane made of compressed, 
pulverized, dry stratum cor- 
neum, the object being placed 
between 2 mereur^’- electrodes 
(Hg) in 2 India rubber caps (E). 




CONDUCTING PKOPERTIES OF HUMAN SKIN. 41 

made to an earlier paper (Rosendal 1944). Since tlie GriiTZMACHEE 
set-up does not permit an accurate determination of the phase 
angle -when the capacity of the object is small (< 2,000 pR), a special 
bridge has been used in the determination of small capacities. This 
bridge is built like a Wheatstone bridge with earth ' impedance 
balancing, as shown in fig. 2. At each measuring frequency and 
before connection of standard resistance and standard capacity and 
of the object of measurement, the bridge is balanced by means of 2 
variable resistances and by the differential condenser C, in such a 



Fig. 2. Diagram of capacity measuring bridge ivith earth impedance balancing. 
X: connection to object, V; to a.c.-vnlve potentiometer, and N: to standard con- 
denser and standard resistance. 


way that the a.c.-valve potentiometer used as zero instrument shows 
0 as an indication that the earth impedances of the bridge is in balance. 
The complex resistance of the object is in the bridge assembly determined 
as a series capacity (G,) and a series resistance (i?,). The impedance is 

calculated from Z~ -f- Xf where A, = ^ ^ ^ 


the frequency of the a.c. 


and the phase angle from tan (p = 


R/ 


The standard resistance is a non-reactive resistance decade of 100,000 
ohms ■with an error of 0. i %. In the measurement of greater impedances, 
calibrated carbon resistances with an error of less than 1 % are used 
as standard resistance. The standard capacity is a variable condenser 
of up to 10,000 pF, with an error of 1 %. The source of current is a 
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heterodyne oscillator with a continuously variable frequency range 
from 100 to 40,000 cycles. The a.c.-potentials have been less than 2 volts. 

When it has been preferred in the majority of the experiments to 
measure the a.c.-resistance of the stratum corneum between 2 mercury 
electrodes and not between 2 parallel metal plates, it is because of the 
error involved in the latter set-up, see table I. 

Table I. 


Capacity in pF and resistance iJ, in ohms as well as the phase angle f in 
degrees for 9.G cm- of stratum corneum dried 8 days in ordinary air; measured 
between (I) 2 metal electrodes, and (II) between 2 mercury electrodes. 


Frequency 

cycles 

I. Metal plate condenser 
9.G cm® 

II. Mercury condenser 9.6 cm* 

C, pF 

ohms 

y degr. 


ohms 

<p degr. 

(7,11 

4000 

40 

138000 

82.1 

205 

108000 

71.5 

5.13 

10000 

38 

43000 

84.2 

173 

42000 

74.1 

4.55 

40000 

36 

6000 

86.9 

147 

8000 

79.5 

4.1 


The experiment shows that the capacity is several times (4 — 5) 
lower, is less frequency dependent, and that the phase angle is greater 
when the corneous layer is measured between 2 metal plate electrodes. 
The explanation of this circumstance is to be found in the macroscopic 
structure of the stratum corneum with its gyri and sulci. In set-up I 
there is only contact between the metal electrodes and the gyri, while 
the sulci are filled with air. The measuring result is therefore deter- 
mined by the very small, frequency independent capacity with the 
phase angle 90° which js represented by the air in the sulci and which is 
measured in series with stratum corneum’s own capacity. In set-up II 
the mercury fills out the sulci and establishes contact with a larger 
area; moreover, the distance between the two mercury surfaces is 
smaller. In this set-up it is solely the dielectric properties of the stratum 
corneum that determine the capacity measured. Hence it has been used 
in the majority of experiments described. 


Experimental Results. 

1) The Signifleanee of the Moisture Content on the a.c.- 
Conduction of the Stratum Corneum. 

In order to elucidate the question of the influence which moisture 
(water or electrolyte) has upon the a.c.-conduction of the stratum 
corneum, the impedance and phase angle have been determined 
at different frequencies for freshly prepared stratum corneum 
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after thorough wetting of both sides of the corneous layer with 
i/io molar KCl-solution, and during drying out in air to constant 
weight. The results are recorded in figs. 3 and 4 as Avell as in table II. 



fregi/enc\/ in c\/cies. 

Pig. 3. Impedance values for frequencies up to 40,000 C 3 'cles, determined for 
6 cm= of the stratum corneum immediately upon preparation (curve I) — after 
a short-time soaking with Vio molar KCl-solution (curve II) — and after drying 
in air for a number of days (curves III — ^IX). (The Roman numerals in table II 
correspond to the numbering of the curves in figs. 3 and 4.) 

The experiments show practically the same impedance and 
phase angle for freshly prepared stratum corneum and for the same 
after soaking with ^/lo molar KCI-solution. The frequency depen- 
dence of the impedance and the frequency independence of the 
phase angle at the frequencies 400 — 10,000 cycles can, in agreement 
with earlier investigations (Rosendal 1940) be expressed by 



c// 








fo w m w im woo moo " .■Wdoo:.l^;^i. 

/reguency /n cyfi'/e. 

Fig. 4. Phase angle values corresponding to the impedance values for 6 
the stratum corneum in fig. 3. , ' ' ‘‘1;* 

Z — h' co~" and <p — a- — where (o — 2' Tt” N, a = the slope of iheSy^ 

Z ‘ v'' ''■V’ 

impedance curve and approximately 0.9, and N = the freq^uency ';'f- 
of the a.c. (curves I and 11 fig. 3 and 4), . , ,• , y.i;(% 

The reduction of the phase angle at 40,000 cycles is presumahly.(-r 
due to the circumstance that the thick corneous layer has a series :;x> 
resistance which does not decrease with rising frequency, •and;|';, 

which at high frequencies, where the reactance X, 
low, will reduce the phase angle, the latter being determined ;b^;'. I 
tan 9 ~ deflection of the impedance cufye^at' 40,000 tri- 

cycles (curves I and II in fig. 3) is due to -the sa-ntie pause;*The;^^ 
experiments further show that the gradual :4rying/puti;pffthei?^ 
corneous layer is accompanied by a very considerable trish\in .4% 
impedance towards a constant value for the differen|^:&equencies,|;',(. 
and also by a change in the phase anglc.-The correspohdihg changes jr t; 
in the capacity and resistance of the sldnvas;s^enes(,coinp 


CONDUCTINQ PROPERTIES OF HUMAN SKIN. 


45 


during the gradual drying out are seen in table 11. The same 
table records the weight of stratum corneum as an expression of 
the degree of drying out. 

Table 11. 

Capacity C, in pF and resistance R, in ohms at different frec[uencies for 6 cm= of 
the stratum corneum (1) freshly prepared, (II) after soaking vritb Yj„ molar KCI- 
solution, and (ITI— IX) during gradual drjdng out in air. The degree of drying is 
indicated by the weight of the stratum eorneum. 


Frequency in cycles 

100 

400 

1000 

4000 

10000 

40000 

Weight 

mg 

I, Freshl 3 ' pre- 








pared stra- C, 


34800 

32100] 29000 

27800 

23000 

570 

turn corneum R^ 


2530 

830] 243 

135 

79 


II. Saturated 








, stratum cor- 

41800 

33900 

31900 

291001 28300 

23900 


neum i?. 

14220 

2180 

720 

217 

120 

65 


III. Drjdnginair 

31100 

25900 

23300 

18300' 15250] 8560 

533 

4 hours R, 

10900 

4710 

2560 

1430 975 

640 


IV. 24 » C, 

5000 

2310 

1500! 843] 560 

336 

483 


315000 

152000 

85200! 33000] 16740 

4770 


V. 3-24 » C, 

1920 

920 

600] 338 

247 

160 

477 

R, 

830000 

35G000 

190200] 65900 

29200 

7900 


! Vl. 4-24 » C, 


320 

252i 180! 148, 113 




532000 

2485001 730001 295001 6650 


VII. 8-24 » <7, 


158 

130| 104] 92] 77 

460 



849000 

344000; 83000; 30000] 4600 


1 IX. 13-24 » G, 


147 

122! lOO: 90 

77 

458 

1 


857000 

339000 77300| 27500] 6200 



Weight reduction about 20 % 


When explaining the cause of the change in Z and (p during the 
drying out of the corneous layer we shall use an equivalent diagram 
representing the a. c. -conductance through this layer, see fig. 5. 



Fig. 5. Equivalent diagram for the a.c.-conduction through the stratum corneum 
Jii the series resistance component of the corneous layer, (G) the frequency de- 
pendent capacity of the corneous la 5 'er, and R, the shunt resistance of the capacity. 
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If Ave imagine tlie drjnng out as an evaporation from tlie 2 sur- 
faces of tlie stratum corneum, these areas vull, through an array 
of series resistances of increasing values, be in connection with 
the deeper lying strata of the corneous layer w’hich are still moist. 
The rise in the series resistance component Ri, Avhich is frequency 
independent, will be most pronounced at high frequencies where 
the impedance is the smallest, and deflect the impedance curve, 
as seen from curve III, fig. 3. Since the phase angle for the stratum 


corneum is determined by the equation tan q) = —, the rise in. 

will also explain the fall in (p (curve III, fig. 4), likewise at 
high frequencies. 

Gradually as the drying out increases, the corneous layer will 
more and more approach an ideal dielectric. Correspondingly 
there is a rise in the impedance of the object (curves III — IX, 
fig. 3), or a fall in its capacity (table II), while the phase angle 
approaches 90°, as seen from the curves in fig. 4, 

The demonstrated change in Z and q) with the loss of moisture 
is reversible, a 24 hours soaking of the dry stratum corneum with 
distilled Avater restoring the initial value's of Z and q> in the fre- 
quency range investigated. 


2) Investigations on the a.c.-Conduetion through a Membrane 
Prepared from Pulverized Dry Stratum Corneum. 

Since it is impossible to deterniine accurately the area and the 
thickness of layer of the dried stratum corneum, owing to its 
gyri and sulci, the experiments mentioned aboA’^e do not permit a 
calculation of the dielectric constant (D) of the dry corneous layer. 
A membrane of knoAvu area and with plane and parallel faces was 
therefore prepared by compressing dry stratum corneum powder, 
and the capacity and resistance Avere determined as series com- 
ponents for this membrane at different frequencies. On this basis 
it is possible to calculate D. The phase angle is determined by 

tan q) = ~. The experimental results are recorded in table III. 

The experiment shows that the membrane behaves like an 
almost ideal dielectric with very small frequency dependence of 
the capacity and with a practically frequency independent phase 
angle close to 90°. 

Inasmuch as the pulverizing of the corneous layer has destroyed 
the structure of the flat, corneous cells in this layer, experiments 
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with soaking of the membrane will give information as to the 
significance of the structure of the corneous layer with respect 
to the a.c.-conduction found in the case of intact, not dried out 
stratum corneum. 

Table III. 


Capacity C, and resistance a.s series components, phase angle as well as 
dielectric constant D for a membrane prepared by compressing dry, pulv^erized 
stratum corneum. Area 3.S cm=. Thickness O.C mm. 


Frequency 

cycles 

<7, pF 

lij ohms 


D 

400 

. . 54 

270000 

87.9 

9.G5 

1000 

.. 53 

116000 

87.8 

9.4G 

4000 

52 

26000 

87.S 

9.3 

10000 

.. 51 

8000 

88.4 

9.1 


Table IV records a series of determinations of Z and (p for the 
above mentioned membrane after wetting with a drop of water on 
a ^/» cm- large area. The same table contains the values of Z and (p 
for a membrane prepared by mixing in a mortar 300 mg of dry 
stratum corneum with 100 mg of distilled water, i.e., a mixture 
with a moisture content of 25 %, corresponding reasonably well 
to the loss of moisture from stratum corneum upon dr 5 dng out. 
This membrane is soft, and is measured between 2 parallel metal 
electrodes having an area of 9.6 cm-. 

Table IV. 


Impedance (Z) in ohms and phase angle y in degrees for a membrane prepared 
from pulverized dr}’ stratum corneum by compression, after soaking cm- with 
distilled water. Area of membrane 3.8 emS thickness O.G mm. 


Frequency in cycles 

1000 

4000 

10000 

20000 

iZiT 

. . 730/33 

530/22 

450/15 

430/12 

II Zlf 

. . 530/21 

476/16.5 

440/13.5 

420/13. 

Ill ZIt 

. . . 500/20 

450/15.5 

432/15 

424/12 


Same for a membrane prepared from pulverized stratum corneum Avith 25 % 
water. Area 9.G cm^ thickness 1 mm. 

ZIf 11..V25 9.5/25 9.5/10 


Both experiments show that the soaking of the structureless 
membrane with distilled water immediately produces a short- 
circuiting effect with a fall in Z and decreasing phase angle values, 
gradually as the wetting spreads through the membrane (experi- 
mental series I — III). As previously mentioned, stratum corneum 
that has been soaked through by lying in distilled water 24 hours 
shows the same a.c.-resistance and phase angle as freshly prepared 
stratum corneum. 
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Discussion. 

The experiments show that a membrane prepared by compres- 
sion of pulverized, dry stratum corneum behaves like a good di- 
electric, the dielectric constant being 9' — 10, and the lag angle 
only about 2° in the frequency range 400 — 10,000 cycles. 

The normal moisture (water or electrolyte) content of the cor- 
neous layer in situ or immediately after preparation gives rise to 
a many times greater capacitive conductivity with a lag angle of 
about 10° in comparison with what is f oimd in the stratum corneum 
dried in air, values in the frequency range 400 — 10,000 cycles 
being 230 — 300 times greater when the layer is normally moist. 

This high capacitive conductivity of the corneous layer when 
not dried cannot be explained as an interface phenomenon occur- 
ring between the mercury electrodes and the electrolyte on the 
surface of stratum corneum, since the same values of Z and (p 
have been found by measurement before and after the soaking 
of a freshly prepared corneous layer with electrolyte. Moreover, 
other experiments have shown that a short wetting of dried stra- 
tum corneum with molar KCl-solution only raises the capaci- 
tive conductivity 1 to 2 times — likewise proof that an interface 
phenomenon is not responsible. The same experiments show 
further, that the increase in area and reduction in distance caused 
by the entry of the electrolyte solution into the furrows and fissures 
on the surface of the stratum corneum into which the mercury 
does not reach, is not of sufficient magnitude to explain the high 
capacitive conductivity of the freshly prepared corneous layer 
which is found. Hence it must be the moisture (water or electro- 
lyte) content of the corneous layer as a whole that accounts for 
the high capacitive conductivity in the case of the stratum cor- 
neum which has not been dried. However, since the loss of moisture 
by evaporation is about 20 % of the weight of the corneous layer 
in the drying-out experiment, and since the dielectric constant of 
water is about 80, the 20 % moisture can only explain a rise in the 
capacitive conductivity to about 16 times that of the dry corneous 
layer. 

An earlier paper (Kosendal 1940) shows the close similarity be- 
tween the frequency dependence of the impedance for the stratum 
corneum in situ, and for a series of polarization cells. It moreover 
finds the phase angle for both systems to be frequency indepen- 
dent and of the same magnitude. Attention is called to the fact, 
though, that the impedance of the corneous layer is about 600 
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times greater than that of the polarization cell calculated for the 
same area. Owing to the resemblance mentioned, and in view of 
the above cited facts, it seems natural to explain the a.c.-conduc- 
tion demonstrated as taking place through the stratum corneum 
by electrolytic polarization. The soaking experiments on the cor- 
neous layer and the membrane prepared from pulverized, dry 
stratum corneum make it seem probable that the polarization must 
be dependent upon the histological structure of the stratum 
corneum, and hence must be localized to interfaces in the corneous 
layer corresponding to its stratified structure. 

Summary. 

The dielectric constant D of pulverized, dry stratum corneum is 
found to be 9,1 — 9.65 for frequencies between 400 and 10,000 
cycles. The phase angle is about 88° in the same frequency range. 

Determinations of capacity and resistance of 6 cm= of the 
stratum corneum show that it has, immediately after the pre- 
paration, a capacitive conductivity which is 230 — 300 times greater 
than after it has been dried for several days in air to constant 
weight, the drying being accompanied by a loss in moisture of 
about 20 % of the weight of the stratum corneum. 

The high capacitive conductmty with a lag angle of about 10° 
is associated with the moisture (water or electrolyte) content of 
the corneous layer which has not been dried. 

On the basis of the resemblance between the frequency depen- 
dence of the corneous layer and that of a series of polarization cells, 
as well as between the frequency independence of the phase angle 
for both systems and the magnitude of this angle, the a.c.-conduc- 
tion through the stratum corneum is explained by electrolytic 
polarization. 

Experiments involving the soaking of a membrane prepared by 
compression of pulverized, dry stratum corneum make it seem 
probable that the polarization is dependent upon the stratified 
structure of the corneous layer. 
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In artificially dried and stored vegetables, wbicb in an increa- 
sing degree are employed as foodstuffs, a loss of carotene can be 
ascertained. This loss is generally supposed to be due to oxydases. 
Only a few papers discuss the problem of the course of the loss- 
curve of carotene in dried vegetables during storage. Kane, 
Wiseman and Cary (1937) have found that alfalfa meal, kept 
in a dark, not heated loft lost 3 per cent of carotene on an average 
per month when the outer temperature was 7 to 19° C, and 21 
per cent per month, when the outer temperature was above 
19° C. Taylor (1934) finds at a temperature not stated a caro- 
tene loss of 50 to 67 per cent in alfalfa during storage 3 to 7 months. 
Bielefeldt (1942) has investigated the stability of carotene of 
alfalfa at different water contents. He stated that under good 
storage conditions there is a carotene loss of 30 to 60 per cent 
during 9 months. The above mentioned authors have thus all 
calculated the percentage loss of carotene during some definite 
period and have not been appreciably interested in the kinetics 
of the process. 

In the following pages it will be shown that when the tempera- 
ture is kept constant and the water content only varies within 
rather narrow limits the logarithm of the carotene content y in 
dried vegetables will vary linearly with the duration t of storage. 
The loss of carotene thus proceeds after an exponential func- 
tion y = e" according to a first-order reaction scheme. Conse- 
quently the carotene loss of these materials at different conditions 
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can be characterized by the time of half decomposition, to.j. For 
carotene in carrots, kale, spinach and alfalfa tj, ^ under identical 
outer conditions will be mentioned. The relationship between 
to.s for carotene and water contents of materials is further eluci- 
dated in the case of carrots. 


iffnterial and Methods. 

Carrots, kale, spinach and alfalfa have been investigated. The 
quite fresh vegetables are carefully washed in cold water, minced 
and dried in a current of air at 90° C. Time of drying about 
40 min. The dried materials are homogenized and placed in de- 
siccators over saturated salt solutions in a thermostat at 25° C. 
At suitable intervals samples are taken for the determination 
of carotene. The amount of carotene is given as mg carotene 
per 100 g of dry matter. 

Deiermination of carotene. to 1 g of material is weighed out and 
placed in a 200 ml flask. 10 ml of KOH solution (125 g KOH -f- 100 
ml water) -f- 70 ml alcohol, 9G per cent, are added. The flask is heated 
for 3 quarters of an hour on a steam-bath with reflux condensor. Af- 
ter cooling the solution is extracted repeatedly with 50 ml benzine 
(boiling point below 70° C). The benzine extract is decanted into a 
separating funnel containing lOO ml water. After shaking the water 
phase is tapped into a separating funnel containing 25 ml benzine, 
after which the procedure is repeated until the benzine does not take 
up any colour from the water phase. The benzine extract is now frac- 
tionated by repeated shaking with 50 ml “methanol mixture”. The 
total methanol mixture is shaken in a separating funnel with 25 ml 
“benzine mixture” until the benzine mixture remains colourless after 
shaking. The benzine mixture employed here is added to the primary 
benzine extract which contains the main part of the carotenoids. 
The “methanol mi.xture” (methanol saturated with benzine) and “ben- 
zine mixture” (benzine saturated with methanol) are prepared as 
follows: 2 1 benzine, 2 1 methanol and 125 ml water are mixed. When 
the two layers have separated sharply, the bottom layer (“methanol 
mixture”) is tapped off. Top layer = “benzine mixture”. — The total 
benzine extract is washed three times with 100 ml of water, the ex- 
tract then being dried with sodium sulphate. The dried extract is 
filled into a 150 to 200 ml measuring flask and pure benzine is added 
to the known volume. The carotene concentration of the solution is 
measured by means of Pulfrich’s photometer using filter S. 45. 5 rea- 
dings are taken on each side using two different cuvette lengths. From 
the readings Ej cm is computed. Let a be the amount of dried material 
weighed out, b volume of benzine extract in ml and c percentage of 
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dry matter. The amount of carotene per 100 g dry matter is then equal 

, El -,401 . b . 100 ^ 1 .a 

to mg. In prmciple this method corresponds to 


c • a 


the authorized standard method given by the Danish ministry of 
agriculture for the determination of carotene in alfalfa meal. — On 
account of the restrictions "with regard to benzine for extraction the 
•work has chiefly been carried out •with single determinations. A greater 
series of double determinations has shown that the variation coeffi- 
cient of a single carotene determination is about 5 per cent. 

The great majority of the carotene determined is j8-carotene. By 
chromatographic methods Kuhn and Brochmann (1933) have found 
that 85 per cent of the carotene in carrots is j8-carotene, •whereas only 
15 per cent is a-carotene and only O.i per cent y-carotene. Kuhn 
and Ledereb (1931) have shown that spinach does not contain a-caro- 
tene. Bielefeldt (1942) has found 96 to 98 per cent of the carotene 
in alfalfa to be ^-carotene. In 10 g of fresh kale, containing 32 mg, 
^-carotene per kg no a- and y-carotene could be demonstrated^). 

Determination of the ivater content. A weighed amount of material 
is placed in a thermostat at 105° C. After standing for 24 hours con- 
stant weight was reached. The water content in per cent was calcu- 
lated from the weight before and after drying. The variation coeffi- 
cient of the water content determination was about 7 per cent. 

Desiccators, To adjust the materials to a suitable and relatively 
constant degree of moisture they are placed in desiccators in a way 
similar to the one used by Bielefeldt (1942). The different desic- 
cators contain the follo^wing salts in pure state or in equilibrium •with 
their corresponding saturated solutions (Table I). The water content 


Table I. 


Desiccator « j. 

No. 

1 Phosphorpentoxyde in substance 

2 Potassium acetate in sat. solution 

3 Zinc nitrate in sat. solution 

4 Calcium nitrate in sat. solution 

5 Ammonium chloride in sat. solution 


of the different vegetables vary to some extent at the same degree 
of moisture. It ought to be mentioned that equilibrium occurred slowly 
in the desiccators 1 and 5. The desiccators were placed in a thermostat 
at 25° C + 0.5° C. 


Results. 

With each of the materials of dried carrots, kale, spinach and 
alfalfa 'hwo determinations of the half decomposition time for 

The authors are indebted to the Laboratory of Aarhus Olicjabrik for this 
determination. 
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Table U. 


S Experiments on the Loss of Carotene in Dried Vegetables 


Carrots 

Kslo 

Exp. 1 


Exp. 

2 


Exp. 

a 

Ejrp. 4 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

0 

88.4 

51.6 

0 

88.0 

48.9 

0 

93.0 

38.8 

0 

92.1 

34.8 

33 

88.3 

27.1 

20 

86.9 

37.1 

35 

94.4 

36.9 

54 

91.2 

26.5 

44 

87.9 

26.5 . 

33 

86.2 

32.9 

95 

94.3 

21.1 

82 

92.2 

25.7 

53 

88.7 

20.1 

44 

86.7 

27.1 

124 

94.1 

18.3 

113 

92.0 

20.1 

67 

88.5 

15.5 

53 

86.6 

24.7 

154 

94.0 

17.9 

142 

92.0 

18.3 







184 

94.0 

13.3 

170 

91.8 

17.2 







204 

94.1 

11.9 

255 

90.5 

11.4 


Spinach 

Alfalfa 

Exp. 5 

Exp. 6 

Exp. 7 

Exp. 8 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

0 

94.6 

43.1 

0 

92.8 

33.1 

0 

93.6 

23.8 

0 

92.7 

18.2 

62 

94.7 

32.7 

69 

92.4 

27.4 

39 

94.7 

18.6 

59 

92.5 

13.5 

90 

95.2 

28.9 

83 

93.0 

26.5 

89 

94.3 

16.3 

90 

92.9 

12.7 

121 

95.1 

29.1 

110 

93.4 

24.4 

121 

94.3 

15.2 

118 

92.5 

11.5 

173 

95.9 

24.8 

189 

92.7 

19.1 

149 

94.2 

13.7 

168 

92.4 

8.2 

191 

94.7 

21.9 

195 

92.7 

18.9 

223 

94.7 

9.7 

202 

92.4 

8.0 

272 

95.5 

19.5 

279' 

92.5 

12.5 

233 

94.7 

8.5 





Column 1: Duration of experiment in days. 

» 2: Dry matter in per cent. 

» 3: mg carotene per 100 g dry matter. 


carotene at different water content will be reported in detail. 
Table II gives percentage dry matter and carotene for tbe dif- 
ferent experiments. Table III gives tbe average water content 
during the experiments, the coefficient ^ for the regression of 
the logarithm of the carotene contents at on the time of storage, 
calculated by the method of least squares, the variation coeffi- 

0.3010 

cient of /S, and t (,_5 calculated from the relation t,, . = — ^ ’ 


Column 8 shows the numbers of degree of freedom f and column 
contains = 0.02i312 {A = difference between log carote- 

ne observed and log carotene calculated from the theoretical 
straight line). Sy (the standard error of estimate of log carote- 
ne) = 0.0264. Antilog 0.0264 = 1.063; this means that 
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Table III. 


Exp. 

No. 

Dried 

material 

De- 

siccator 

No. 

Average 
•water 
content 
per cent 


V 

per 

cent 

*0.5 

days 


ZJi 

1 

carrots 

2 

ll.G 

0.007G4 

8.1 

39.4 

3 

0.002995 

2 

)> 

3 

13.1 

0.005G0 

4.5 

53.8 

3 

0.000331 

3 

. kale 

2 

6.9 

O.O02G0 

7.7 

115.8 

5 

0.00G839 

4 

D 

4 

8.3 

0.0018S 

4.9 

160.O 

5 

0.001784 

5 

spinach 

2 

4.9 

0.00124 

9.5 

242.7 

5 

0.003449 

6 

» 

4 

7.2 

0.00145 

6.S 

207.G 

5 

0.OO2648 

7 

alfalfa 

2 

5.6 

0.0O177 

7.3 

170.1 

5 

0.003931 

8 

ft 

4 

7.4 

0.00183 

8.1 

164.2 

4 

0.002395 


Z'Zd^ 0.0243 72 


the standard deviation of a single determination of carotene is 
about 6 per cent, and as preTuously mentioned the variation 
coefficient of a single determination is about 5 per cent it will 
be seen that the deviation, caused by variations in experimental 
conditions, has been very small. 

As the decomposition process is the result of the influence of 
the oxygen in air, and as the carotene has varied in concentra- 
tion in the materials, the oxygen must have entered in the proc- 
ess with a constant potential, therefore all the carotene in the 
dried products must have been equally accessible to the influ- 
ence of the air. Hence it seems rational to calculate the half 
decomposition time (to.J of the loss in carotene content and use 
this value as a measure of the stability of carotene under varying 
conditions. Experiments which are not reported in this paper 
have shown that more than 90 per cent of the carotene decrease 
follow a first-order reaction scheme. 

It is seen from Table III that under the mentioned storage 
conditions the stability of carotene in dried carrots is materi- 
ally lower than in dried kale, spinach and alfalfa. The greatest 
half decomposition time was found for spinach. 

Table IV shows the result of some investigations on the relation 
between to^ for carotene and the water content in dried carrots. 
The experiments are in the table arranged according to increase 
of water content. The different average water content of dried 
carrots in the same desiccators is due to the fact, that the mate- 
rials have been dried to different water content during the pro- 
cess of drying. Moreover it is a question of materials that have 
been dried at three different times in the course of one year. It 
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Table IV. 
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Exp. No. 

Desiccator 

No. 

Average 
water 
content 
per cent 

to _5 days 

17 

1 

7.0 

5.0 

12 

1 

8.9 

21.9 

13 

2 

8.9 

27.7 

9 

1 

10.1 

25.2 

14 

3 

10.9 

26.3 

1 

2 

ll.G 

39.4 

15 

4 

11.9 

38.6 

2 

3 

13.1 

53.8 

16 

5 

13.7 

49.6 

10 

5 

15.8 

53.9 

11 

6 

18.0 

62.2 1 

18 

5 

21.5 

47.5 1 

19 

5 

23.7 

39.5 1 


appears from Table IV that there is a close relationship between 
the water content of the materials and t^.^. At small water con- 
tent the stability is very poor. At about 18 per cent of water the 
stability is greatest, Bielefeldt (1924), who has determined the 
percentage loss of carotene in alfalfa at different times, has found 
the greatest stability of carotene at degrees of moisture of 42 and 
75 per cei\t corresponding to a water content in alfalfa of about 
7.5 and 13 per cent respectively. Between these values and below 
7.5 per cent water in alfalfa Bielefeldt found low stability of 
■carotene. According to our investigations two optima of stability 
have not been found for dried carrots, and optimum of stability 
is found at considerably greater water content than in alfalfa. 
Prom a series of Bielefeldt’s experiments it seems possible to 
draw the same conclusions with regard to the kinetics of the 
reaction as from our experiments. If the loss of carotene in some 
of Bielefeldt’s experiments disagrees with a reaction of first 
order it is no doubt because the conditions of storage have not 
been so constant as in our experiments. 


Summary. 

In dried carrots, spinach, kale and alfalfa, stored at constant 
temperature and in desiccators with constant degree of mois- 
ture in order to keep the water content of the dried materials 
.approximately constant at different levels, it is shown that the 
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carotene loss proceeds according to a first-order reaction scheme; 
hence it seems rational to calculate the half decomposition time 
for carotene and use this value as a measure of the stability of 
carotene under varying conditions. It is shown that under iden- 
tical conditions the half decomposition times for the dried green 
vegetables: spinach, kale and alfalfa are of the same order of 
dimension, apparently greatest however, for spinach, t^ ^ for caro- 
tene in carrots is materially smaller than for the above mentioned 
green vegetables. In dried carrots the stability of carotene de- 
pends greatly upon the water content, the greatest stability 
being found at a water content of about 18 per cent. 

The authors are grateful to “Tuborgfondet” for a grant in aid 
of this research. 
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From the Biochemical Institute, Aarhus University, Denmark. 


On tlie Affinity of Pig* Pancreas Lipase for 
Tricaproin in Heterogeneous Solution 

By 

FRITZ SCHONHEYDER and KIRSTEN VOLQVARTZ. 
Eeceivcd 26 September 1944. 


In a recent paper (Schonheyder and Volqvartz, 1944:) it 
Tvas sliown, that the affinity of pig pancreas lipase for triacetin, 
tripropionin, tributjTin, trivalerin and tricaproin in homogeneous 
solution was extremely low, direct proportionality being found 
between substrate concentration and the initial velocity of the 
enzymatic hydrolysis at the same enzyme concentration. Appa- 
rently investigators have only been slightlj^ interested in mea- 
suring ibhe affinity of lipase for a triglyceride, which is present 
in undissolved state. Weinstein and Wynne (1935 — 36) have, 
however, made an attempt with tripropionin, but these authors 
have not taken into consideration, that the Idnetics of the hydro- 
lysis are different in homogeneous and heterogeneous solutions. 
They apply the equations which can be derived for a homoge- 
neous system to heterogeneous systems. In the case where the 
solubility of a triglyceride is exceeded the triglyceride is present 
in two phases, an aqueous and a lipid phase. AVhen lipase is added 
to such a mixture the reaction between enzyme and substrate 
will take place both in the aqueous phase and in the surface layer 
between the aqueous and the lipid phase. In order to determine 
the affinity of lipase for undissolved triglyceride it is thus neces- 
sary to know the ratio between the amounts of dissolved and 
undissolved triglyceride and the magnitude of the initial area 
of the lipid phase at varying amounts of substrate. 

In the following paper our experiments on the determination 
of ..the affinity of pig pancreas lipase for tricaproin in heteroge- 
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neons mixtures are given. This triglyceride has been chosen, be- 
cause it is only slightly soluble in ■water and easily emulsified 
by the technique employed. 


Experimental. 

The determination of the enzymatic velocity of hydrolysis was car- 
ried out as in our previous work (Schonheyder and Volqvartz, 
1944), the amount of acid liberated during the reaction being neu- 
tralized by adding drop'wise O .04 n NaOH, keeping pH almost constant. 
pH was measured by means of a protected glass electrode and a Radio- 
meter potentiometer. It ought to be mentioned, that in the experiments 
reported in this paper, intensive shaking of the reaction mixture was 
used (250 double oscillations per min.), carbon dioxide-free air being 
bubbled through the mixture. The system employed consisted of tri- 
caproin in water, to which was added 5 mg per cent sodium tauro- 
cholate, 80 mg per cent CaClj and Michaelis’ veronal buffer. The total 
volume of the reaction mixture was generally 250 cc. At the lowest 
substrate concentrations volumes up to 750 cc were used. Before the 
beginning of the experiment the pH of the mixture was adjusted to 
about 7.5. Addition of activating substances was found necessary to 
obtain reproducable velocities of hydrolysis. The sodium cholate con- 
centration chosen was rather low owing to the difficulty of getting 
larger amounts of this material. In the case of CaClj the optimal con- 
centration was used. 2 cc of veronal buffer was used per 260 cc of reac- 
tion mixture. At the lowest substrate concentrations relatively smaller 
amounts were used. Temp. 30° C 0.5° C. The tricaproin was added 
to the reaction mixtures from calibrated capillary pipettes. 

The initial reaction velocity v was calculated graphically by plotting 
number of drops of 0.04 n NaOH (1 cc = 44 drops) against time in 
min. During the beginning of the reaction the curve was always found 
to be linear and v was computed as number of drops added during 
the first 10 minutes of reaction. At the lowest substrate concentra- 
tions only one to three additions of NaOH could be used, as the reac- 
tion here showed a tendency to stop within a short time. 

The tricaproin used had the molecular weight 407 and d®^ = 0.981. 
The solubility was determined by preparing a series of emulsions with 
decreasing amounts of tricaproin per unit of volume. Samples of emul- 
sions were examined under the microscope in a Helber-Glynn’s coun- 
ting-slide by a magnification 1 : 400. The first mixture in which fatty 
globules could not be .observed, in spite of careful examination, con- 
tained 1.2 X lb"'' mols pet' liter caproin. 

Pig pancreas lipase was prepared according to the method of Will- 
statter and ‘Waldschmidt-Leitz (1923). In homogeneous system a 
preparation E, which had been prepared by diluting the original ex- 
tract A with glycerol 1 : 10 by weight was used. In heterogeneous 
system a preparation . K = A diluted 1 : 80 by weight with glycCTol 
was used. 
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The Area of the Lipid Phase. 

When calculating the surface of the lipid phase from the amount 
of tricaproin added a correction for the amount of triglyceride dis- 
solved must be introduced. The rest is present as emulsified fatty 
globules and the calculation of the total surface of the particles is 
illustrated by tlie following example. 


Table L 

Charaderistic and Compidalton of the Jtaiio — for O.orss cc Tricaproin 

Emxdsificd in S5Q cc. of Solution at 50’ C. Shaking: 250 Double 
Oscillations per Min. Emulsion No. V. 


1 

i 15 

i nun 
* photo 

i 

Number of] Number of 
drop;? withi drops in per 
diameter 1 cent with 
= D |{liametor ^11 

log D 

1 

Probit 

I 

j mm* 

! 

mm’ 

- O.io 

1 

0.7 

0.002— 1 

2.54 

O.icoo 

0.OO4O 

■ O.ir. 

1 

1.4 

0.053— 1 

2.80 

0.2025 

0.0911 

i O.so 

11 

P.O 

O.cno— 1 

3.05 

0.2500 

0.1250 

O.sfi 

5 

12..'i 

0.74 S—1 

3..94 

0.313G 

0.1750 i 

i O.r.o 

o 

13.7 

0.778-1 

3.91 

0.3COO 

0.2100 : 

; 0.S4 

3 

1.U..S 

0..sor.— 1 

4.00 

0.4000 

0.2011 1 

‘ O.cc 

8 

21.2 

0.820— 1 

4.20 

0.435G 

0.2875 1 

i O.fis 

2 

22.0 

0..833— 1 

4.25 

0.4 024 

0.3144 1 

; 0.71 

4 

2.5.4 

0.851—1 

4.31 

0.5041 

0.3579 : 

! 0.75 

11 

32.0 

0.S75 — 1 

4.50 

0.5025 

0.4219 1 

i 0.7S 

1 

33.0 

O.S02— 1 

4.58 

0.C084 

0.4740 . 

j O.so 

11 

41.1 

0.003— 1 

4.7.S 

O.G400 

0.51 20 ! 

! O.?.*! 

f) 

44.5 

0.9 1 0—1 

4.80 

0.7050 

0.5927 j 

■' O.SC 

2 

4.5.0 

0.935—1 

4.90 

0.7509 

0.0585 1 

: O.po 

14 

.'>5.5 

0.954—1 

.5.14 

0.8100 

0.7290 ! 

■ 1.00 

10 

CS.5 

0 

5.48 

1.0000 

1.0000 1 

( 1.10 

7 

73.0 

0.042 

5.02 

1.2100 

1.3310 

! 1.13 

3 

75.4 

0.053 

5.09 

1.2700 

1.4429 

1.20 

7 

80.1 

0.079 

5.85 

1.4400 

1.7280 

' 1.25 

4 

83.0 

0.O97 

5.05 

1.5025 

1.9531 

: 1.20 

4 

85.7 

0.111 

6.07 

1.0041 

2.1407 

1.40 

3 

87.7 

0.I4G 

6.10 

1.9000 

2.7440 

1.4.5 

1 

88.5 

0.101 

6.20 

2.1025 

3.0480 

1..50 

2 

89.0 

0.17G 

6.28 

2.2500 

3.3750 

, 1.50 

2 

91.1 

0.193 

6.35 

2.4330 

3.7904 

l.CO 

1 

91.S 

0.2O4 

6.39 

2.5000 

4.0900 

1.0.3 

1 

92.5 

0.212 

6.44 

2.0509 

4.3307 

1.00 

1 

93.3 

0.220 

6.50 

2.7550 

4.5743 1 

1 1.75 

3 

95.3 

0.243 

6.08 

3.0025 

5.3594 

1.00 

2 

96.8 

0.279 

6.85 

3.0100 

6.8590 

. 2.00 

2 

98.1 

0.301 

7.08 

4.0000 

8.0000 

2.10 

i 

98.8 

0.322 

7.20 

4.4100 

9.2000 

2.20 

1 

99.5 

0.342 

7.58 

4.8400 

10.C480 

2.40 

1 

lOO.o 

0.3.8O 

— 

5.7000 

13.8240 


146 

i 0.303—6 

162.2988 

212.5153 
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Eviulsion V. 0.07 5 0 cc tricaproin was added dropwise to 250 cc of 
solution at 30° C. The lipid phase = O.OTSO — O .0012 = 0.07 38 cc. The 
mixture was shaken for 10 min. 250 double oscillations per min. Then 
samples of the emulsion were placed in a Helber-Glynn counting slide 
(depth 20 fi). The slide was immediately placed under the microscope 
and illuminated from the side. Ocular; No. 10. Objective: No. 40. 
By means of a Leica camera a series of j)hotographs was taken of the 
fatty globules, which could easily be recognized. To get a measure of 
the degree of magnification, a graduated mm was photographed, 1 
mm photo corresponding to 2.4 75 real. The degree of magnification 
is thus 404 times. Now all the particles photographed were counted 
and measured, (146 particles in 15 photos). — By the smallest amounts 
of tricaproin per unit of volume not more than two particles could 
be found in each field of vision. In case of greater amounts 10 to 15 
particles were counted in each field of vision. None of the particles 
were found to be flattened. — Table I contains a characteristic of the 
emulsion examined and numerical material for the computation of 
the ratio between the total surface of the fatty particles and their 

total volume |^j. In the colums I and II the diameters D are given 

according to the size of D (in mm photo) and the number of drops 
with diameter D. When a histogram is drawn with D as abscissa (in- 
terval width 0. to mm) and n as ordinate, it is seen that the distribu- 
tion is skew (positive). On the other hand when the histogram is drawn 
with log D (column IV) as abscissa (interval width == O.15) and n 
as ordinate a normal frequency distribution curve is obtained. When 
the probit method is employed (cf. columns III and V) the points are 
excellently grouped around a straight line (log D == log D50 % + 
a (probit — 5)). log Djo ^ and <7 were calculated by the method of least 
squares. For emulsion V the following parameters were found: log Dso ^ 
= 0.942 — 1,0' = 0.1G5, corresponding to a geometric mean diameter 
of 2.16 The calculation of the surface corresponding to a known 
volume by means of the statistically calculated distribution of the 
diameters would involve a difficult integration, wherefore the ratio 
A 

has been calculated from all the individual diameters measured. 

The ratio between total surface A and total volume V (all lengths in 
cm) is 


A 

V 


D" 6 X 10^ (mm photo)” 
Jr ~ 2.47 5 (mm photo)® 

6 ^ 


2.422 X 10^ X F 


F = 0.7 64 is calculated from the figures in columns VI and VII in 
A 

Table I. :^ = 1.89X10^. — In a similar way as in the case of emul- 
A 

sion V the ratio has been determined for 6 other emulsions. Fiff. 1 
shows the relation between probit and log D for these emulsions. The 
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Fig. 1. Relntion between probit and logarithm of diameter of tricaproin par- 
ticles in emulsions I, II, III, IV, VI and VII. Abscissa probit; ordinate log D. 


Table II. 

Characteristic and Computation of the Ratio for 7 Different 
Tricaproin Emulsions with Increasing Tricaproin Content. 


Num- 

ber 

cc Trica- 
proin 
added to 
250 cc 
solution 

Number 

of 

particles 

counted 

log 

’’’log D 

.iY mm= 

■7S mm’ 

F 

Percent- 
age 
devia- 
tion 
from F 

I 

0.00G25 

65 

O.osrj— 1 

0.123 

66.04 

74.70 

0.884 

-f 2 

II 

0.O125 

91 

0.973—1 

0.121 

104.99 

129.04 

0.814 

— 5 

III 

0.0250 

86 

0.939—1 

O.IGO 

88.3G 

105.39 

0.838 

— 3 

IV 

0.0500 

98 

O.SGG— 1 

0.167 

77.9G 

85.95 

0.9 07 

+ 5 

V 

0.0750 

146 

0.942—1 

0.1G5 

162.30 

212.52 

0.764 

—12 

VI 

O.iooo 

126 

0.819—1 

0.143 

86.85 

88.3G 

0.983 

+14 

vn 

0.1250 

200 

0.S72— 1 

0.178 

168.99 

196.91 

0.858 

-1 
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straight lines indicate, as in the case of emulsion V (Table I), a normal 
distribution Yuth regard to log D. In Table II it is seen that the average 
values of the logarithm of the diameters of the tricaproin particles 
for the 7 emulsions agree closely, and the standard deviations of log I> 
are of the same order of dimension. It is further seen, that the ratio 
between surface and volume is very nearly constant, as there is no 
trend in F to increase or decrease by increasing amounts of substrate. 
It seems thus justified to use a constant conversion factor: 2. -12 2 x 
10“* X F in the range examined. The conversion factor 2.422 x 10* X 
0.8G4 = 2.09 X 10* has the variation coefficient 8.1 per cent and the 
standard error is 3.0 per cent. By multiplication of non dissolved sub- 
strate in cc by the conversion factor the initial surface in cm" under 
the experimental conditions given is obtained. 

Eesults. 

In Table III are given the experiments which make the basis 
of the calculation of the affinity of pancreas lipase for tricaproin 
in a heterogeneous system. In all 34 experiments have been carried 
out at 12 different substrate concentrations. At substrate con- 
centrations ^ 0.0125 cc tricaproin in 250 cc, the volume of the 
system was 250 cc. At lower concentrations the reaction volume 
was increasing, though not above 750 cc. In experiments 1 — 7, 
where the system is homogeneous the lipase preparation E, which 
was 8 times stronger than K was used. The figures in column 
IV are calculated as the difference between added and dissolved 
tricaproin multiplied by 2.09 x 10*. In column V are given the 
amounts of enzyme, in all cases converted to 250 cc reaction 

V 

mixture. In columns VI and VII the ratio — and the average 

value of these ratios at each substrate concentration are to be 
found. Vuncorr is the velocity measured in the experiment. For the 
three homogeneous solutions proportionality is found between v 
and substrate concentration at the same amount of enzyme in 
agreement with earlier findings (Schonheyder and Volqvartz, 

1944). By transition to the heterogeneous systems rises 

gx 

rapidly and approaches a maximal value very q^uickly. The double 
determinations agree fairly well and by varying the enzyme 
concentrations at the same amoimt of substrate it is found, that 
in the range where the experiments are carried out, there is pro- 
portionality between v and amount of enzyme. No spontaneous 
hydrolysis was observed in the mixtures examined. The figures 
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Table III. 


The Reaclion YeJociiy in Relation to the Substrate Surface. 


Exp 

No. 

Tricaproin 
per 250 cc 
g 

Dis- 
solved 
trica- 
proin 
m • 10‘ 

Surface of 
Upid 
phase in 
250 cc 
cm® 

Enzyme 
per 
250 cc 
g 

nncorr 

^nncorr 

'^uncorr 
gK. • m ■ 
10® 

' calcnl 

gR 

gK 

gK 

1 

0.OOO46 

0.455 

0 

5.00E 

0.2G2 

0.262 

0.576 

m 

2 

0.00092 

0.91 

0 

2.50E 

Bill " 1 




3 

0.00092 

0.91 

0 

2.50E 

Bik I 1 




4 

0.00092 

0.91 

0 

5.00E 

BijfTI 


0.542 


5 

0.00092 

0.91 

0 

5.00E 

K! ! 1 





0.00115 

1.13 

0 

0.50E 

0.55 



j^HSU 


0.00115 

1.13 

0 

0.50E 

0.71 

U.63 

U.o57 

^■i 

8 

BwlffTVI 

1.2 

61 




l_l_ 


! 9 


1.2 

61 



iu.uo 


iy.7 

SEI 

0.00G25 

■Si 

104 


29.0 




11 

0.00G2S 


104 

0.25K 

27.2 

OO t 



12 

0.00G25 


104 





4^0*7 

13 

0.00G25 

mm 

104 

O.SOK 

26.3 




14 

0.00S33 

1.2 

mmmm 

0.50K 

32.4 

Q.t T 


QO 4 

I 15 

0.00833 

1.2 


O.soK 

37.0 




i 16 

0.0125 



0.25K 

mmm 




17 

0.0125 

■9 


O.soK 

iim 

40.O 


39.0 

! 18 

0.0125 

■91 


O.soK 

ESEI 




19 

0.0250 

1.2 

497 


53.2 




20 

0.02.50 

1.2 

497 

i» 5SI 


50.9 


47.9 

21 

0.0250 

1.2 

497 

IS 

49.4 




22 

0.0500 

1.2 

■v isnU 

|K 

56.4 




23 

0.0500 

1.2 


W 9^ 

52.4 




24 

0.0.500 

1.2 

isi^B 

iiE 5^ 

57.2 

54.S 


54.4 

25 

0.0500 

1.2 

^B Ssi^B 

IK nra 





26 

0.0500 

1.2 








0.0750 

1.2 

1540 

O.soK 

60.C 

57.1 


55 6 

28 

0.0750 

1.2 

1.540 

O.soK 

53.6 



29 

O.iooo 

1.2 


iupaii 





30 

O.iooo 

1.2 

^Birn^B 

EE 13 

55.2 

n7 K 


56 7 

31 

O.iooo 

1.2 


O.soK 





32 


1.2 



54.0 




33 

0.1 250 

1.2 

2590 

0.50K 

57.6 



57 4 

34 

0.1 250 

1.2 

2390 

O.soK 

54.2 





- 

in the last column in Table III are the theoretical values of 
calculated by insertion in the equations derived later on. 


Theoretical Remarks on the Calculation of the Affinity. 

A^Tien the aqueous phase is not negligible compared with the 
lipid phase the following equation holds for the reaction between 
enzyme and triglyceride 


V = Vi -j- v. 
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(vi = initial reaction velocity in the homogeneous phase, Vo = ini- 
tial reaction velocity in the lipid phase). 

Let A, be the initial surface per unit of volume of the mixture 
and m^ amount of enzyme adsorbed per surface unit of the 
lipid phase, then 

Vo = ko X mg X Ag (II) 

According to FreundUch’s adsorption isotherm 

mg = k (E — mE X AJ’^" (III) 


(k and n are constants, E = amount of enzyme per unit of volume 
of the mixture). Further 


Vi 



(E — me X AJ a 
a -|- Kj 


(IV) 


(a = concentration of dissolved substrate. Kg = Mchaelis’ con- 
stant). As previously shown by the authors and confirmed in 
this work (IV) can be replaced wdth 


Vi = ki (E — mE X Ag) a (V) 


VTien n is made equal to 1 in (III), which corresponds to a very 
large surface available for the amount of enzyme adsorbed, we 
get by insertion in (II) 


Vo = ko 


E X Ag 

4 + l/k 


(VI) 


and equation V can be changed into 


^ 1/k -}- Ag 


X ki X a X E 


(VII) 


(VI) is analogous to (IV), the surface per volume unit of the 
mixture, however, entering instead of substrate concentration 
and 1/k instead of Kg. 


Calculation of the Affinity. 


It is considered justified to make n = 1, as this assumption 
leads to equations which are satisfied by the experimental data. 
First V is corrected for Vi. The Vj = ki x a x E for the aqueous 
triglyceride phase in just saturated solution is calculated from 


the average value of 


V 

'^nncorr 

g^ X m X 10® 


= 0.558 by multiplying by 
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1.2 (Tie concentration in tie saturated solution is 1.2 x 10“® m). 
Tor an arbitrary A^-value 

1/k 

''‘“‘’■'‘’XiTk+i: 

It is seen tiat Vi decreases by increasing Ag. In Table III it 

is found tiat 1/k is about 100. If one calculates Vg = v— Vi, tie 

. , . 100 
approximate correction for Vi is 0.67 x 7717^ r-. 

100 -J- Ag 

Tie calculation of 1/k can be carried out graphically from equa- 
tion VI transformed into (IX). For very great Ag-values (VI) 
can be written 


Vnia:, = k, X E 


Hence 


(VIII) 
(IX) 

This is the equation of a straight line with the ordinate and 
the abscissa Ag. In Fig. 2 is shown the graphical calculation of 


Ag 1 1 

V ~ V k^ 



Fig. 2. Graphical determination of 1/k and for the hydrolysis of trieaproin 

A. 

in heterogeneous mixtures. Abscissa Ag in cm"; ordinate — . 


1 /k and Vj„gg.. The distance from the point of intersection between 
the straight line and the abscissa axis to the zero point is 1/k = 130. 
== 1/the slope of the straight line is equal to 60.2. 

By inserting the values found for 1/k and v„,gj in (I, Vila 
and IX) the figures in the last column of Table III are obtained. 
5 — i5026G. Acta phys. Scandinav. Vol. 9. 
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Eor all tKe points — except tlie first one — a good agreement is 
found between observed and calculated values of v. Tbe value 
found for 1/k = 130 cm® per 250 cc system, 30° C and shaking 
with 250 double oscillations per min. indicates tbe substrate sur- 
face^ where the reaction velocity has reached half its maximal 
velocity. This value is analogous to the Michaelis constant for 
homogeneous systems. 

In homogeneous solution the affinity 1/Kg of pancreatic lipase 
to tricaproin was extremely low, that is Kg is very great compared 
with the substrate concentrations measured. "When the system 
contains increasing amounts of lipid phase, a remarkable increase 
is demonstrated in the velocity of reaction, which rapidly reaches 
a maximal velocity by increasing substrate surface, k is a mea- 
sure of the affinity between tricaproin and pig pancreas lipase 
in the surface layer betwen aqueous and lipid phase. As it was 
shown, 1/k is very small compared with the substrate surface 
measured, which means, that the affinity is very great. 

A direct comparison of the affinities in the two phases is not 
possible, as their reciprocal values have the dimensions concen- 
tration and area of lipid phase per unit volume of reaction mix- 
ture respectively. 

In our previous work on the affinity of pig pancreas lipase 
for some lower triglycerides in homogeneous solution it was shown, 
that the addition of CaClo and sodium taurocholate did not in- 
fluence the affinity between enzyme and substrate. Investiga- 
tions on the possible influence of the above mentioned activa- 
tors on the affinity in heterogeneous systems can not be carried 
out until sodium cholate is available. 


Summary. 

The affinity of pig pancreas lipase towards tricaproin in hetero- 
geneous mixtures has been determined at 30° C in the presence 
of sodium taurocholate and calcium chloride with constant sha- 
king, (250 double oscillations per min.), the initial velocity of 
the reaction of hydrolysis in the lipid phase being calculated in 
relation to the initial surface of the lipid phase. In the investi- 
gated tricaproin emulsions with increasing amoimts of trica- 
proin a normal and approximately uniform frequency distribu- 
tion was found with regard to the logarithm of the diameters of 
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the fatty particles. A conversion factor is computed from the 
relation between the total surface and the total volume of the 
particles and b}’- means of this factor the total initial surface of 
the lipid phase in each enzymatic hydrolysis experiment can be 
calculated. — By the calculation of the affinity, Freundlich’s 
adsorption isotherm has been applied to the adsorption of the 
enzyme in the surface layer of the lipid phase. The reciprocal 
value of k, where k is measure of the affinity of lipase towards 
undissolved tricaproin, is under the given experimental condi- 
tions equal to 130 cm* per 250 cc reaction mixture. 

This work was facilitated by a grant from “Christian X’s 
Fond”. 
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Since Noedbo (1931) and Schersten and collaborators (1930) 
detected citric acid as a constituent of the blood serum by diffe- 
rent methods, this substance has attracted the attention of 
physiologists as well as practitioners. It has been proved that 
citric acid forms a link in the intermediate carbohydrate meta- 
bolism (Martensson 194:0 and bibliography there referred to). 
During pathological conditions the citric acid content of blood 
serum differs from its normal value. The normal content amounts 
to 17 — 27 y per ml, the mean value being approximately 20. 
(Nordbo and Schersten 1930, Benni, Schersten and Ostberg 
1930, Martensson 1940, Sjostrom 1937, Ostberg 1934:, Lind- 
quist 1936). An increased content of citric acid occurs during 
liver diseases, and with the aid of citric acid determinations it is 
sometimes possible to differentiate between jaundice due to 
damage to the liver tissue and that arising from obstruction of 
the bile duct (Sjostrom 1937). 

At present the citric acid content of blood serum is determined 
by means of the Thunberg method or the pentabromoacetone 
method. 

The Thunberg method (Thunberg 1929) and modifications 
(Ostberg 1931, 1934:; Gronvall 1938) employs the citric acid 
dehydrogenase and involves observation of the time necessary 
for the decolorization of methylene blue. Certainly this is not a 
strictly specific method. Other reducing substances also deco- 
lorize methylene blue. By using a dye with a lower redox potential, 
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e. g. indigo trisulphonate (Gronvall 1938), it is possible to reduce 
the influence of those substances. Another source of error depends 
on the fact that a number of enzymes are involved in the reaction. 
At first the citric acid is converted into isocitric acid, and on 
this acid the dehydrogenase, actually an isocitric acid dehydro- 
genase (hlARTius, 1938), will act. For this reason the presence of 
isocitric acid greatly shortens the decolorization time (Euler 
1939). As isocitric acid also occurs in blood serum, it will inter- 
fere with the determination of the citric acid. 

The pentabromoacetone method has been developed by Pucker, 
Sherman and Vickery (1936). In brief it consists in the oxidation 
of the citric acid by means of potassium permanganate in the 
presence of bromine. The pentabromoacetone produced is extrac- 
ted from the oxidation mixture with petroleum ether and treated 
with aqueous sodium sulphide. A coloured substance is formed, 
and the colour is determined in a Pulfrich photometer. 

For clinical purposes these methods are far from satisfactory. 
Too much time is required for the analyses. For this reason it 
seemed desirable to develop a more rapid method of citric acid 
determination. To some extent this is realized in the method 
described below. The greatest interest of this method, however, 
seems to lie in its apparently higher specificity. It gives lower 
values for the citric acid content of the blood serum. Added citric 
acid is, however, completely recovered. 

The procedure consists in oxidation of approximately 20 y 
citric acid by potassium permanganate. By this treatment the 
citric acid is converted into acetone. This is distilled and quan- 
titatively determined. From the acetone value the amount of 
citric acid in the sample may be calculated. Previous investiga- 
tors have used the same method for determining the citric acid 
contents of wine and milk, in which it occurs in great quantities 
(Pratt 1912, IVillaman 1916, Kogan 1930, Romani 1931, 
Emiliani 1933, Bartels 1933, Taupel 1933, Backstrom 1942). 
In blood serum, however, interfering substances, mainly proteins 
and acetone bodies, are present. These must be removed before 
the oxidation of the citric acid may take place. 


Reagents. 

1. Meta phosphoric acid, 5 per cent solution. Fit for use for a 
week if kept in a refrigerator. 
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2. Dilute sulphuric acid. 85 ml concentrated acid is diluted to 
1000 ml. 

3. Buffer for neutralization. 381 g. NasHPOi • 12 HoO is dissolved 
in 4 000 ml Avater. 2 OOO ml 3 N NaOH is added. A mixture of 
50 ml buffer and 25 ml of the dilute sulphuric acid gives a 
pH value of approximately 2. 

4. Potassium permanganate, N/5 000 solution, prepared by 
diluting N/10 Khln 04 . 

5. KOH, exactly 14.5 N/solution. 

6. Salicylaldehyde solution. To 10 g. Salicylaldehyde alcohol is 
added to 100 ml. 

Note. To avoid errors due to acetone in the distilled water this 
must be boiled before use. 


Procedure. 

Precipitation of proteins. To 10 ml-metaphosphoric acid 3 ml 
of the blood serum is added. After standing for 10 minutes the 
sample is centrifuged. Approximately 11 ml limpid fluid is avail- 
able. 

Destruction of interfering substances. Acetone bodies, i. e. 
/5-hydroxybutyric acid, acetylacetic acid and acetone itself, must 
be decomposed. For this purpose the solution is boiled with the 
dilute sulphuric acid mentioned above. By this treatment the 
/?-hydroxybutyric acid is transformed into crotonic acid, Avhilst 
the acetylacetic acid forms acetone, carbon dioxide and traces of 
acetic acid. The acetone formed by the decomposition of the ace- 
tylacetic acid as well as the acetone preformed is boiled off in 
a 250 ml flask fitted with a ground-glass point. To 5 ml of the 
protein-free liquid 25 ml dilute sulphuric acid is added. To pre- 
vent bumping talcum is introduced. After boiling for 10 minutes 
99.8 per cent of the hydroxybutyric acid and all the acetylacetic 
acid and acetone have disappeared. By this treatment the volume 
of the solution is reduced to 10 — 15 ml. In this solution the oxida- 
tion of the citric acid may take place. 

Oxidation of the citric add. On treating citric acid with potas- 
sium permanganate in acid solution acetone dicarboxylic acid is 
formed. When the acid solution of this substance is boiled it is 
decomposed into acetone and carbon dioxide. A detailed investiga- 
tion of this reaction has been made by Taufel and IMayr (1933). 
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In order to convert all the citric acid into acetone it is necessary 
to keep the pH of the solution at about 2. At a pH value below 
1.9 the KMnOi is a too powerful oxidising agent; the citric acid 
is partly destroyed. At a pH higher than 2.3 the rate of decarboxy- 
lation of the acetone dicar- 
boxylic acid is too slow, and a 
part of it will be destroyed. 

For this reason the solution 
must be buffered to a pH value 
of approximately 2. 0. For this 
purpose 50 ml of the buffer 
mentioned above is added to 
the acid mixture in the 250 
ml flask. To prevent loss of 
citric acid it is necessary to 
keep the concentration of 
K^InOf as low as possible. The 
KMnOi must be added in 
drops. In order to decompose 
the acetone dicarboxylic acid 
immediately after its forma- 
tion the solution is kept boiling. 

The o.xidation is carried out 
in the apparatus described 
below. 

The solution containing citric 
acid is boiled in a 250 ml flask. 

To prevent bumping talcum is 
added. 100 ml N/5 000 KMnO^ 
is placed in the funnel and 
added over half an hour to the 
boiling mixture. During this Fig. 1. 

time the vapour containing 

acetone is condensed and retained in the glass tube, which is 
filled with glass beads. When all the FlLInO^ is consumed the 
heating is increased in order to distil off the acetone, which is 
collected in a 25 ml volumetric flask. When approximately 10 
c.c. has been driven over (determined by comparison with another 
25 ml flask containing exactly 10 ml fluid) the distillation is 
finished. In the distilled fluid the acetone is determined. 

Determination of the acetone. As the citric acid content of the 
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sample is very small, it is necessary to develop a MgLly sensitive 
and exact method for the determination of the acetone formed 
by the oxidation. The colorimetric method usually employed 
(Urbach 1931; Neuweiler 1933) has proved to be efficient. 
It is based upon the condensation of acetone with salicylaldehyde 
in the presence of concentrated KOH. The product formed, 
disalicylalacetone, is an intensely red coloured substance. The 
colour is measured in a Pulfrich photometer. Some modifications 
of the present method have, however, proved necessary in order 
to increase the sensiti\dty. The following procedure is recom- 
mended: 

To the acetone-containing fluid in the 25 ml volumetric flask 
10 ml 14.5 N KOH and 5 ml salicylaldehyde solution are added. 
The mixture is made up to volume with water. In another flask 
a control test is prepared by using distilled water instead of the 
acetone-containing fluid. The flasks are heated on a water bath 
at 50° for 20 minutes. Afterwards they are allowed to cool at room 
temperature for half an hour. The extinction is finally determined 
in a Pulfrich photometer in cuvettes of 50 mm length and with 
filter S 53. The colour is very stable. Even after standing for 24 
hours the extinction differs very little from the original value. 
In order to obtain exact values, however, the extinction should 
be measured within an hour after cooling the flasks. In order to 
calculate the acetone content an extinction curve must be con- 
structed. An example is given below. The extinction values indi- 
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cated are not tlie calculated mean values, but tbe values estimated 
with the Pulfrich photometer. For each point only one analysis 
has been made. The values indicated below will therefore give a 
hint of the accuracy of the procedure for acetone determination. 

It appears that the curve is a straight line. 10 y acetone will 
give an extinction value of 0.558. From this it is calculated that 
an extinction value of 1.000 is given by 17.9 y acetone. 

Calculation of the citric acid content. On the basis of the q^uantity 
of blood serum employed, the molecular weights of acetone and 
citric acid and the extinction for pure acetone, the citric acid of 
the blood serum may be calculated according to the following 
formula; 


17.9 ’13 ‘192 

E. — ^ ^ =F-51 y citric acid per ml blood serum. 
3 • 5 • 58 ^ 

(E is the extinction read in the Pulfrich photometer). 


Some values found by the method are given below. 





Found bj’^ 


Sample 

Found by 
pentabromo- 
acetone 
inetliod. 

Found by 
“acetone” 
method. 

"acetone 
method” 
after addi- 
tion of 20y 
citric acid 

Citric acid 
recovered, %, 




per ml. 


1 

11 y/ml 

7.2 y/ml 

26. S y/ml 

98 

2 

19 » 

13.4 » 

33.5 » 

100.5 

3 

23 » 

14.1 » 

33.C » 

97.5 

4 

18 » 

12.8 » 

31.5 » 

93.5 

5 

40 » 

28.1 » 

48.0 » 

99.5 


It is seen that the values found by the “acetone” method are 
lower than those found by the pentabromoacetone method. Added 
citric acid is, hoAvever, almost completely recovered. 


Summary. 

The principle of the method is to convert the citric acid into ace- 
tone through oxidation by potassium permanganate, the acetone 
then being distilled and quantitatively determined. 
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It is a well establislied fact, that the number of erythrocytes 
in the blood of individuals living at high altitude is higher than 
the number normal to individuals living at sea level. The change 
from .sea level values to high altitude values has been followed — 
by means of hacinatocrit readings, determinations of Oj-capacity 
or haemoglobin concentration, or by blood counts — in several 
cases, where subjects moved from the lowlands to the mountains, 
ns well as in low pressure chambers. When the ascent to high 
altitude — or the decrease in Oj-pressurc — has been rapid, it 
is mostly found, that the change in Oa-enpacity sets in early 
so that a considerable increa.se may be found already after a 
day or two in the height. 

It has been well known to most investigators, that the observed 
higher hacmatocrit readings, blood counts etc. could be ex- 
plained in two different ways, viz. either as due to an actual 
increase in the number of erythrocytes, or as the effect of a di- 
minished plasma volume, and experimental data, supporting both 
points of view, liave been collected. Nevertheless a certain con- 
fusion still seems to obscure the question, mostly because only 
a very few investigators realize that the blood changes during 
acclimatization to high altitude may follow in two stages, each 
needing its special explanation. Schneider (1921), who was well 
aware of this, in reviewing the literature on this problem, summa- 
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rizes that “the increase in hemoglobin observed; during short ex- 
posures to and during the early days at high altitudes, is largely 
or wholly due to a loss of fluid from the blood; while the perma- 
nent cottdition of acclimatization is the result of a new formation 
of red cells — His conclusion is to a great part based on his own 
observations, including those from the Anglo-American expedi- 
tion to Pikes Peak (1913). In the more recent reviews by Peters 
and Van Slyke (1932) and by Luft (1941) the increased Or 
capacity of the blood is explained as solely due to an actual 
increase in the number of erythrocytes, but no distinction between 
an initial and a later stage of the process is made. Experiments 
of Smith, Belt Arnold and Carrier (1924 — 25) are cited as 
giving evidence against the conception, that the plasma volume 
is diminished at high altitude, but as these authors present no 
experimental data covering the first 3 — 4 days of the sojourn 
at high altitude, no conclusions as to what happens with the blood 
during these first days can be based on their experiments. 

Asmussen and Consolazio (1940) found on Mt. Evans (4 300 m), 
that in two subjects the Oo-capacity in volumes per cent increased 
rapidly during the first two days, later at a more slow rate, and 
that the total Oo-capacity of the blood was practically constant 
or even slightly decreasing during the first 4 — 6 days. During 
this time the blood volume was markedly lower than at sea lev- 
el, due to a considerable decrease of the plasma volume. Later 
the blood volume increased again, and the total Oo-capacity in- 
creased, indicating an augmented formation of red cells. These 
observations, therefore, give support to the conception formu- 
lated by Schneider. It was tentatively suggested that the de- 
crease in blood volume during the first days of the sojourn at 
Mt. Evans was a regulation by means of which the organism could 
raise the percentage Oo-capacity of the blood until an actual 
increased erythropoiesis could be established. But it must be 
admitted, that the fall in blood volume might also be inter- 
preted otherwise, e. g. as caused by a leaking-out of fluid from the 
capillaries, due to Oo-lack in the tissues. 

It is the purpose of this paper under controllable conditions 
to repeat the experiments made on Mt. Evans, and to make an 
attempt to find out, whether the fluctuations in volume of cells 
and plasma in the blood are due to an actual excretion of water 
from the organism, or simply to a new distribution of the neater 
inside the organism. 
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Methods etc. 

All experiments were made in a low pressure chamber. In the con- 
trol experiments the door of the chamber was kept open, so that nor- 
mal atmospheric conditions prevailed; in the experiments simulating 
high altitude experiments, the pressure was lowered in the chamber 
to 450 or 435 mm Hg., corresponding to heights of about 4.5 km. 
Temperatme, light etc. were the same in the controls and the low- 
pressure experiments. The chamber was well ventilated so that the 
composition of the air was as normal in-door air. 

Blood samples, drawn without stasis from a cubital vein, were he- 
parinizised, part of each sample centrifuged for half an hour at 3 000 
rev/min in small glass tubes, part of it rotated in air at room tempera- 
ture for 15 minutes in flasks of about 150 ml capacity and then ana- 
lysed for Oo-capacity in the Van Slyke apparatus. On the small glass 
tubes, after centrifugation, the relative cell volume was measured, 
a drop of the plasma was then pipetted off and placed in the Zeiss 
Kefractometer for determination of the plasma protein concentration. 
Blood volumes were determined by the CO-method as described by 
Asmussen (1941). 

Determinations of Ci~ in the urine were made according to Volhakd 
— ^Harvey (Peters and Van Slyke (1932)). ]Sfa+ and K+ determi- 
nations were kindly made for us by Prof. A. Krogh. (Methods: see 
Keogh (1943) and Holm-Tensen (1944)). 

The weight of the subjects was determined with an accuracy of 
5 g by means of a special balance (Krogh and Trolle (1936)). 

Our subjects were young, healthy men, who previously had gone 
through a thorough medical examination and had satisfactorily passed 
an “aviators test” as worked out in the Zoophysiological Laboratory. 

In our first experiment, the subject lived in the chamber at normal 
pressure for about 48 hours before the pressure ivas lowered (at ®-) 
and kept at 450 mm Hg for about 60 hours. Determinations were made 
every day at 9“- *"• (fasting values) and at about 5 p- In subsequent 
experiments it was deemed necessary to avoid intake of food and drink. 
The subject therefore entered the chamber at IOp- ™-, and slept in 
the chamber during the night. The experiment then started at about 
Qa. m. next morning and was finished at the following mor- 

ning. The subjects were weighed before and after the experimental 
period, and the urine voided was collected and measured, in our latest 
experiments also analysed for Cl", K’a+ and K+. In the short ex- 
periments there were no stools during the experimental period. 

Determinations of Oo-intake, ventilation, cardiac output, pulse rate 
and blood pressure were also made. The results confirmed previous 
observations along the same line and will only be referred to occasionally. 

Results. 

Results from an experiment on A. H. (25 years, height 1^6 
cm, weight 70 kgms) are presented in Fig. 1. It will be seen, that 
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Fig. 1. Changes evoked in blood concentration and blood volume by lowering 
the atmospheric pressure from 760 mm Hg to 460 mm Hg. Subject A. H. 

A — A Cell volumes %. x — x plasma volume liters, 

4 + plasma protein %. • — # total cell volume liters. 

□ — □ blood volume liters. O — O total plasma protein grams. 

the percentage cell volume (haematocrit-readings) and the plas- 
ma protein concentration undergo a marked increase, evident 
already a few hours after the pressure has been set at 450 mm Hg. 
Concomitant with this a corresponding decrease in the blood volume 
is observed. The curve representing the plasma volume and the 
almost horizontal line of the total cell volume show, that the de- 
crease in blood volume is due to a loss of fluid from the plasma, 
and that the increased heamatocrit-readings (and the increased 
O^-capacity in vol. % not presented in the fig.) are due to this 
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decrease of plasma volume, and not to an increased erytliropoie- 
sis. The increase in plasma proteins brings further support to 
this finding. This experiment confirms the results of Schneider 
(1921) and of Asmussen and Consolazio (1940). The curve repre- 
senting the total plasma protein is slightly decreasing, suggesting 
that the decrease in plasma volume is not solely due to a loss of 
■water and salts, but that also some of the non- diff usable consti- 
tuents of the plasma are lost. 

From this experiment it -was not possible to decide, 'whether 
the fluid loss from the blood was due to water excretion, or whe- 
ther a new distribution of the water inside and outside the blood 
vessels had occurred. The subject had undergone a loss of 
body weight during the 2 days at low pressure (from 70.0 
kgms to 67.7 kgms), but his appetite had been failing so that 
no decisive answer could be given to the question. 

A second set of experiments (2 at normal pressure, and 2 at 
low pressure) was therefore performed on the same subject. Du- 
ring these experiments no food or drink was given, so that an 
accurate water balance could be made. The control experiments 
were made alternating with the low pressure experiments, and 
a week elapsed between each individual experiment. 

The results from two such experiments, one control at normal 
atmospheric pressure, and one at a pressure of 450 mm Hg, are 
given in table 1. 

The table shows, that fasting in itself produces an effect on 
the blood and the components of the blood similar to those of 
high altitude. But table 1 shows also, that the changes observed 
are much more pronounced at low barometric pressure than un- 
der normal conditions. The column headed “plasma proteins in 
blood” is calculated from the percentage plasma volume (100 — 
cell vol %) and the plasma protein % and shows the plasma 
protein content in per cent of whole blood. The percentage change 
in this is directly comparable with the percentage change in cell 
volumes per cent. At normal pressure they are of the same order 
of magnitude (-|- 5, respectively -f- 6 %.), as should be expected. 
At low atmospheric pressure the cells are concentrated more than 
are the proteins (9 versus 6 %), indicating a loss of proteins 
from the blood (see later). The last four columns in table 1 show 
further that the loss of weight, fluid and chlorides is much greater 
at low barometric pressure than at normal pressure. From the 
loss of weight the total loss of water is estimated by subtracting 
100 gms, which represent the approximate difference in weight 
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of the COo expelled and tlie 0, taken up (50 gms) during the 
24 hours of the experiment, plus the weight of solids lost (salts, 
nitrogen etc,, 50 gms). Of the total water lost a part is lost through 
the urine, the rest is evaporated from the lungs and the skin. 
The greater evaporation at low pressure is no doubt due to the 
increased ventilation and metabolism. But table 1 shows, that 
also the diuresis was largely increased at low pressm-e, and that 
a considerable amount of chlorides was. excreted along with the 
water. Another set of experiments on the same subject gave cor- 
responding results. 

The amount of water lost greatly exceeds the volume of plas- 
ma lost, but naturall}' the loss of water (and chlorides) must be 
furnished by the whole phase of extracellular water (i. e. plasma, 
lymph etc.) and possibly also by the water inside the cells (int- 
racellular water). 

It is impossible from this experiment alone to decide which 
role these two compartments of body water play in the loss of 
water at high altitude, although .the large amount of chlorides 
excreted indicates, that the extracellular water plays a dominant 
role. In order to make a further approach to the solution of this 
question a new set of exjieriments was made, in which the total 
excretion of sodium and potassium was determined during a 
24 hour period, at normal atmospheric pressure, and at a pressure 
of 435 mm Hg. TJie subjects (L. 21 3'ears, height 184 cm, weight 
72 kgm, and K. 23 years, height 181 cm, weight 74 kgm) 
received no food or water in the experimental period and 15 
hours pre\nously. 

According to Gamble, Boss and Tisdall (1923) and Peters 
and AAn Slyke (1932) the loss of extracellular water can be esti- 
mated from the formula 


Na — 0.425 K 

--g 


= liters of extracellular water lost 


where Ba and K represent milligram equivalents of Na and K 
excreted in excess of intake (in our case, therefore, the total ex- 

Na 

cretion), the factor 0.425 expresses the proportion of in musc- 


les and 148 is the average milliequivalents of Na found in extra- 
cellular fluids. Similarly the loss of intracellular water can be 
estimated from the formula 


K—O.Ol? Na 
___ 


— liters of intracellular water lost, 


6 — 't502G0. Acta ph;/s. Scandinav. VoL9. 
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where 0.017 is the proportion of ^ in extracellular fluids and 112 

is the average content of K (in milliequivalents) of cells (muscle 
tissue). 

Table 2 contains the experimental data from such experiments 
on the subjects L and K. It will be noticed, that K reacts with 
changes in blood concentration (cells and plasma proteins) in 
the same way as A. H. at low barometric pressure. He also loO' 
ses more weight than under normal pressure and his excretion of 
water and salts is greatly increased at high altitude. L, whose 
blood undergoes a much smaller concentration than does K’s, 
although he increases his percentage red cell volume considerably 
more at low pressure than at normal atmospheric pressure, does 
not loose much more water or excrete more urine and salts at 
435 mm Hg. than at 760 mm Hg. 

Trom the data of table 2 and by means of the formulae given 
above, the part of the water loss played by the various com- 
partments of body water is estimated, and a balance sheet is 
drawn as shown in table 3. The table shows, that under normal 
barometric conditions the water loss is mainly derived from the 
extracellular water, nothing from the intracellular phase. The rest, 
530 respectively, 430 cc may conveniently be explained as oxida- 
tion water and as water made free by depletion of the carbo- 
hydrate stores (“glycogen factor” of Gamble, Boss and Tisdall.) 
At low pressure this last component is greatly increased in both 
subjects, and we are not in position to determine the source of 
this water. Of direct interest to the present investigation is the 
fact, that the amount of extracellular water lost is greatly in- 
creased in K (in whom also a small amount of intracellular water 
is lost) whereas in L no more extracellular water is lost at low 
pressure than at normal barometric pressure. 

If the loss of extracellular water alone should explain the con- 
centration of the blood, then one would expect to find that the 
percentage decrease in extracellular fluid (including the blood 
plasma) were of the same order of magnitude as the percentage 
increase in non- diff usable plasma components, (e. g. the plasma 
proteins). Further, from the percentage decrease in extracellular 
fluid (and hence plasma) one can estimate the percentage de- 
crease in blood volume, and from this again the increase in cell 
volumes % to be expected under the assumption of a constant 
total cell volume. (The experiments on A. H. showed that the 
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cell volume actually decreased, by 9 % in bis case, due to the 
fasting). 

If we estimate the total amount of extracellular fluid to 25 % 
of the body weight, we get the following calculated losses of 
extracellular water (table 4) to compare with the concentrations 
of the blood actually found (comp, table 2). 

It will be seen, that with exception of the experiment at nor- 
mal pressure on L, the found concentrations are two to three 
times greater than the concentrations calculated under the as- 
sumption, that the loss of extracellular fluid was the only case 
of the concentration of the blood. (The difference between found 
and calculated values at low pressure is smaller for the plasma 
proteins than for the cell volumes, presumably due to a loss of 
protein from the plasma (see below). 

The only plausible explanation seems to be, that, besides the 
loss of extracellular fluid, a loss of water from the blood plasma 
to the extravascular fluid (or to the tissue cells) must have oc- 
curred. Such a loss may be due to an increased permeability of 
the capillaries caused by the oxygen deficiency in the tissues, and 
to a higher capillary blood pressure, due to a dilatation of the 
arterioles and capillaries. An increased permeability of the ca- 
pillary walls at low Oo-pressure, even allowing proteins to escape 
from the blood, seems to be indicated by the relatively slight 
increase in plasma proteins, compared with the actual decrease 
in plasma volume found on A. H. and presented in table 1 as 
well as in the observation, that the total amount of plasma pro- 
teins in fig. 1 shows a decrease at low Oo-pressure. Also the fact, 
that the jiroteins calculated as pCt of the whole blood (table 1 
and 2) shows a much smaller concentration than does the cell 
volume, confirms this assumption. 

Conclusions and discussion. 

The conclusions to be drawn from our exjieriments, are; The 
increase in Oo-capacity, cell volume etc. which is observed in the 
blood- during the first days at high altitude — or low Oo-pres- 
sure — is due to a concentration of the blood. There is no increase 
in the total amount of red cells during tliis time. Also during a 
40 hours’ period of fasting a concentration of the blood occurs, 
but the concentration during a fasting period at loiv pressure is 
considerably greater than the concentration during a fasting pe- 
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Table 3. 

L 



normal atm. press. 


loiv atm. 2 »ess. 

mm Jl 

loss of weight 

.... 1,840 gms 


2,090 gms 


solids -r {GO. — 0.) 

100 s 


100 ‘ » 



(extra cell. 

1,210 gms 

fe.xtra cell. 

1,13 

total loss of water 


0 » 

1,990 » jintra cell. 



(water of 


(water of 


urine 


o30 » 

525 » oxyd. etc. 

8G 

evaporated water . 



1,465 » 




li 

k. 



normal aim. press. 


. low atm. 2 >ress (J.Su 

mm 11 

loss of weight 

1,420 gms 


2,540 gms 


solids -f- (CO — 0 ) 

.... 100 » 


100 » 



[extra cell. 

890 gms 

(extra cell. 

1,411 

total loss of water 

.... 1,320 » {iatra cell. 

0 » 

2,440 0 "lintra cell. 

ol 


(water of 


(water of 


urine . 

.... 445 » oxyd. etc. 

430 b 

1,345 0 oxyd. etc. 

98( 

jvaporated water . 

S75 ') 


1,095 i> 



riod at normal pressure- Tliis concentration is accompanied by a 
loss of water from the organism. The main part of this water de- 
rives from the extracellular fluid of the body including the plasma 
and can explain one third to one half of the observed blood con- 
centrations (table 4). (In the experiment at normal pressure on 
L. it explains the whole blood concentration). The other part 
of the blood concentration must be due to an altered distribution 
of water between the blood and the rest of the body. 

The loss of water from the blood at hiv j^ressure in excess of 
the loss of water from the blood during fasting at normal pres- 
sure represents the effect of the low 0«-pressure on the blood com- 
ponents. In K. this excess loss is due both to an increased ex- 
cretion of water and to an increased movement of water from the 
blood out into the extravascular fluids. This latter is due, pro- 
bably to an increased filtration of water through the capillary 
walls, caused by an increased permeability of the capillaries and 
an increased capillary blood pressure. The dilatation of arterio- 
les and capillaries at the increased rate of circulation no doubt 
will increase the, capillary blood pressure. We are unable to ex- 
plain, why in K. also during fasting at normal pressure a.oonsider- 
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able amount of water was lost from tbe blood to the tissues (as 
indicated by tbe great difference between concentrations calcu- 
lated and found in table 4). In this case the circulation was quite 
normal. 

Table 4. 



calculated 
loss in 
extra cell 
water 

found 
increase in 
plasma 
prot. % 

calculated 
loss in 
blood voL 

calculated 
increase in 
cell vol. 
% 

found 
increase in 
cell vol. 
% 

normal 

m 


m 

4.0 % 

3.1 % 

3.5 % 

5.6 % 

low press. 

m 

11.4 % 
12.6 % 

3..-; % 
4.3 % 

3.6 % 

4.6 % 

7.8 % 
14.1 % 


In L. at low pressure the excretion of water was not increased 
beyond the values found during fasting at normal pressure. The 
observed greater concentration of his blood at low pressure there- 
fore must be due solely to an escape of water from his blood, and 
also in his case the most probable explanation seems to be, that 
the filtration has increased. 

As mentioned above both K. and A. H. showed an excess loss 
of water from the body at low Oa-pressure. This loss was partly 
due to an increased evaporation, partly — • and mainly — to an 
increased diuresis. "WTiereas the increased evaporation may be 
explained by the increased ventilation and metabolism at low 
02 -pressuxe, the cause of the increased diuresis is not . easily un- 
derstood. Birley (cited from Schneider 1921) is, as far as we 
are aware, the first who noticed an increased diuresis at low 
Oa-pressure (on aviators), and he even suggested, that the increase 
in Oa-capacity at low Oa-pressure was chiefly due to this. Our 
experiments have shown, that only part of the concentration 
of the blood can be due to the loss of water from the body, and 
even that not in all subjects. Whether the increase in diuresis 
at low Oa-pressure, therefore, may be looked upon as being due 
to a special mechanism, the purpose of which is to increase the 
Oa-capacity of the blood, or whether it is the result of some other 
unknown phenomenon, incidentally increasing the concentration 
of the blood, still seems to be an open question. 
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Summary. 

Determinations of red cell volumes, plasma proteins, blood vol- 
umes and water balance were made in a low pressure chamber 
at 435 — 450 mm Hg barometric pressure. It was found that the 
increase in cell volume — and O.-capacity — during the first 
days at low pressure was due to a diminished plasma volume, 
and paralleled by an increase in plasma protein concentration. 
A similar concentration of the blood was found during fasting 
(40 hours) at normal barometric pressure, but a much greater 
concentration of the blood was observed when the subjects 
fasted at low barometric pressure. In two of the three subjects 
the increased concentration of the blood at low pressure was ac- 
companied by an extra loss of water from the body. From an 
estimation of the part played by the extracellular water in this 
loss, it was found, that about one half of the concentration of 
the blood was caused by loss of extracellular body water. The 
other part of the concentration of the blood — and, in the third 
subject, the whole extra concentration at low pressure — was due 
to a leaking-out of fluid from the capillaries, presumably caused 
by the increased capillary blood pressure and an increased per- 
meability of the capillary walls at low Oj-pressure. While the 
excess filtration out of the blood no doubt is a sign of insufficiency 
of the capillaries, incidentally increasing the oxygen capacity of 
the blood, it is difficult to decide whether the excess excretion 
of water (increased diuresis) is the result of a regulation, serving 
the oxygen supply, or whether it is due to other causes. 
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From experiments on cats Slaughter and Munsell^, 1(1940) ; 
claim that prostigmine potentiates the analgetic effect of .mqr;^]ii^ 
ne. In confirmation of this Slaughter, Parsons ’hnd;-,MuNAL’!' 
(1940) report from investigation on patients suffering !mom.!diffe-‘;; 
rent painful diseases that the patients experienced as jexceipeht 
a relief from pain after 8 mg morphine in combination .-with 0. 5 ;; 
mg prostigmine as after 15 mg morphine alone. Using the HiRuK ■ 
Wolff-Goodell method of measuring pain thresholds :m'5niah;;' 
Andrews (1942), however, concludes that prostigmine’ dofes.mot 
significantly potentiate the analgetic effect of morphine. Slaught; 
TER and Gross (1940) observed that eserine potentiated the ton^]-: 
ic action of morphine on the intestines of the dogs and-.the;dh->, 
pressor effect on the blood pressure of the cats.. Subcutaneous y 
administration of 6 mg morphine per kg body- weight' in ;dpgs;:; 
causes an inhibition of the serum choline esterase = (Slaughter 
and Lackey, 1940). From their findings SLATjGHTBRy andXco-; . 
workers concluded that morphine in some .way;,;6r 0thbr-j^ 
through a cholinergic mechanism. , ,, . 

The possibility of a humoral mediator in thercentfal iieryou^^ 
system has been intensively discussed recently; 0bm0. of ‘the. :ear^^ 
Her investigators suggest the possibiHty t¥^ChcetyichbH^%^ 
normally be Hberated in some synapses in tlie hrain.^^HBiTOBRSON'; ; 
and Wilson (1936) found that eserine inJ0cted';in^'sm01;quan^^^^ 



ANALGETIC ACTION OF MOEPHINE, ESERIKE AND PROSTIGMINE. 89 

ties into the human cerebral ventricles produced a reaction in 
all respects very closely resembling that to acetylcholine. Feld- 
berg and Schriever (1936) observed that acetylcholine ap- 
peared in the cerebrospinal fluid of dogs after the intravenous in- 
jection of eserine. In experiments on cats Emmelin and Jacob- 
SOHK (1944:) report that eserine and prostigmine injected intra- 
thecally has an identical depressant effect on respiration and 
intestinal motility. 

By stimulating the cerebral motor cortex in cats and studying 
the muscular responses after intracarotid injection of acetylcho- 
line and eserine McKail, Obrador and Wilson (1941) failed 
to obtain conclusive information regarding the possible action of 
acetylcholine as a quick transmitter in cerebral synapses. They 
found that small quantities of eserine usually depressed the 
responses to stimulation of the cortex, Schweitzer and Wright 
(1937) observed on cats under chloralose that eserine augmented 
spinal reflex responses but that prostigmine depressed them. Bul- 
bring and Burn (1941) found on dogs no difference in the action 
of eserine and prostigmine on the kneejerk. Both were depres- 
sant, On patients with evidence of pyramidal-tract involvements 
Kremer (1942) observed that prostigmine and acetylcholine, in- 
jected intrathecally, depressed muscle tone and spinal reflexes. 
No changes in the sensation ivere observed. Eserine, however, 
after initial motor depression produced increased muscle tone 
and spinal reflexes and caused striking sensory changes, including 
facilitation of sensory transmission. 

With the elaborating of the method of Hardy, Wolff and 
Goodell (1940) a reliable method for determining pain thres- 
holds on man became available. In'idew of the conflicting re- 
ports on the central effects of eserine and prostigmine, and the 
lack of corrc.spondence between earlier experiments into the in- 
teraction between the analgetic effect of morphine and prostig- 
mine on animals and man, it seemed of interest to us to rein- 
vestigate these problems. 


MetlioO. 

The method used involves a minor modification of that of Hardy, 
Wolff and Goodell (1910), Radiant heat of known and easily vari- 
able intensity was employed to cause pain. Fig. 1 demonstrates the 
apparatus. 
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The light from a 500 watt lamp is focussed by a condensing lens 
through a filter, containing the dyes fuchsin and tartrasine, and through 
a camera shutter on to the forehead of the subject. The intensity of 
the light is controlled by means of a rheostat in series with the lamp. 
The light is allowed to act on the subject for 3 sec., the time being 
controlled by a chronometer. The pain threshold was assumed to be 
reached when the subject felt a distinct sharp stab of pain at the end 
of this time. The intensity of the radiation is measured in g.cal./sec/cm= 
by a thermal couple made of copper and constantan. To the one junc- 
tion is fastened a blackened silver-plate with the same diameter as 



Pig. 1. Apparatus for determining pain thresholds in man. 

Fp.: The subject. K.: Camera with shutter. 

F. : Colour filter. Li.: Condensing lens. 

La.: 500 watt lamp. M.: Rheostat. 

T.: Thermal couple with silver-plate. 

G. : Glass-reservoir, t.: Thermometer. 

the camera shutter. The second junction is kept in a water bath at 
a constant temperature. The thermal current is measured by a spec- 
ular galvanometer calibrated empirically. 

Our method differs from that used by Hardy, Wolff and Goodell 
in one point. We use a colour filter and do not blacken the forehead 
of the subject with Indian ink. 

To provoke pain three times more radiant energy is required when 
using radiant heat from a light source than when using heat rays alone 
(Sonne, 1921). The greater the wave lengths of the rays the more 
they act upon the pain receptors. According to Sonne this is due to the 
fact that the greater the wave lengths of the rays the more these are 
absorbed into the superficial layers of the skin, where the receptor 
organs for pain are situated. The same opinion is held by Hardy and 
Mdschenheim (1936). 
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In order to ensure total absorption of the radiation and to eliminate 
possible effects due to the penetration of the rays below the skin sur- 
face, Hardy and co-workers blackened the forehead of the subjects 
with Indian ink. In our opinion this procedure is not very advisable. 
It is difficult to obtain the same thickness in the layer of Indian ink 
at every test, and in consequence it becomes difficult to obtain com- 
parable values of the pain thresholds. When washing off the Indian 
ink superficial injuries to the skin can hardly be avoided. This fact 
may probably change the irritability of the skin. Further, the layer 
of Indian ink as such seems to us to change the subjective sensation 
of pain in an undefined manner. 

In order to get heat rays which are absorbed into the superficial 
layers of the skin as much as possible we use the colour filter mentioned 
above. In this way, as controlled by spectroscopic examination, al- 
most all rays with wave lengths shorter than 5900 A are eliminated. 

An obvious disadvantage in our method is the fact that the rays 
reflect in some degree from the unblackened skin of the forehead. 
According to Sonne (1921) this reflection is very constant, however, 
and is independent of the wave lengths. The reflection always amounts 
to 35 %. 

Our experiments were performed on 19 students of both sexes, in 
good health and aged between 20 and 21. Before the tests, the subjects 
were acclimatized in the room for half an hour. The examined sub- 
stances were administrated subcutaneously. The substances were not 
injected until two succes.sive determinations of pain thresholds gave the 
same values. None of the subjects knew the nature of the injected sub- 
.stances. After the injection we determined the pain threshold every 
five minutes until the analgetic effect was observed, and then every 
ten minutes until the maximal effect was reached. After that the pain 
thresholds were det-ermined only every 15 minutes. On four of the sub- 
jects we made blind tests, in which physiological NaCl-solution was 
injected. In those experiraent-s we determined the pain threshold 
every ton minutes during two hours. The maximal deviation from 
the original value wa.s i l.< %, which therefore may be considered 
as the normal variations of the method. 


Ilesults. 

The arithmetic mean of the normal pain thresholds of all our 
19 subjects was 0,209 g. cal./sec./cm®. 

To compare the analgetic effect of 15 mg morphine hydro- 
chloride alone with that of a combination of 8 mg morphine 
liydrochloride and 0.5 mg prostigmine^ we used five subjects and 
found that morphine raised the pain threshold about 30 %, 

* Wo xJBcd a brand of prostigmine, “neostigmin”, manufactured by A._B. 
I.CO, Halsingborg, to which we wish to c.vprc.<?a our gratitude for generous supplies. 
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wliile tlie combination raised it about 40 % as sho\\m in fig. 2. 
Between the two injections there was an interval of one week. 



Fig. 2. Arithmetic mean of pain threshold raising effect of 15 mg morphine 
( j and of 8 mg morphine+0.5 mg prostigmine on five subjects (— — — — ). 


The effect of 1 mg prostigmine on the pain threshold appears 
from table 1. 


Subj. 

Time until 
the effect 
occurs 

Table 1. 

Time until 
max. effect 

Duration of 
the effect 

Maximal 
effect on 
the pain 
threshold 

1 

10 

min. 

35 min. 

75 min. 

+23.5 % 

9 

35 

» 

35 


70 » 

+20.O % 

3 

20 

» 

30 

» 

65 » 

+17.7 % 

4 

25 

» 

45 


55 » 

+15.2 % 

5 


» 

40 


90 » 

+20.,^ % 

6 

40 

» 

55 

» 

70 » 

+22.1 % 

7 

25 

» 

50 

» 

85 » 

+22.0 % 

8 

30 

)> 

40 


100 » 

+22.1 % 

9 

10 

}> 

40 


85 » 

'-|"22,o % 


To investigate whether prostigmine potentiates the analge- 
tic effect of morphine hydrochloride we used ten subjects. One 
of them did' not react to prostigmine, nor did prostigmine on 
this subject potentiate the analgetic effect of morphine hydro- 
chloride. In the remaining- sub-jects, however, prostigmine clearly 
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Fig. 3. Arithmetic mean of pain thrc.shold raising effect, of 8 mg morphine and 
0..5 mg prostigminc simultaneously injected into ten subjects (— — — — ); total 
of the arithmetic means of the pain thre.shold raising effect of 8 mg morphine 
and of 0.5 mg prostigminc injected separately into the same stibjects one week 

later ( ). 

potentiated the action of morphine. TJie aritlimetic mean of all 
tlic experiments show.s tlmt the maximal analgetic effect of 8 mg 
morphine hydrochloride :ind 0.5 mg prostigminc injected simul- 
taneously is almost twice ns great as the summated maximal 
effects of the two substances injected separately. The duration 
of the morphine action was prolonged as demonstrated in fig. 3. 

^lore detailed figures from three subjects of table 1 are given 
in fig. ‘1. 



Fig. 4, Pain threshold raising effect of 1 mg prostigminc. From a scries of nine 
subjects three repre.scntativc subjects are selected. 
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The influence of eserine salicylate on the pain threshold was 
studied on four subjects. From fig. 6 it will be seen that 1 mg 
eserine salicylate raises the pain threshold roughly about 30 %. 

We have not examined the effect of eserine on the analgetic 
action of morphine because of the subjective malaise, which was 
caused by eserine. 



Pig. 5. Pain threshold raising effect of 1 xng eserine on four subjects.. 


Bfscussion. 

We have found that prostigmine potentiates the analgetic ef- 
fect of morphine hydrochloride. Both the maximal effect and 
the duration were increased. This fact is in conformity with the 
findings of Slaughter and co-workers, where the subjective re- 
lief from pain in clinical cases was used as an indicator. Andrews, 
however, when using the original method of Hardy, Wolff and 
Goodell, found no significant potentiation either on normal per- 
sons (2 in number) or on addicts to morphine (15 in number). 
To this investigation objections may, however, be raised. The 
number of normal persons investigated is too small to permit 
of generalized conclusions. Among our ten subjects there was 
one who showed no potentiation. Further, it seems to us inade- 
quate to use addictors who, according to Andrews’ observations. 
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shovr abnormally small responses to morphine (20 mg morphine 
raised the pain threshold only about 5 %). Although the change 
in the pain threshold is abnormally small it is evident from the 
diagrams of Andrews that the analgetic effect of morphine is 
raised to double the original level by prostigmine. (20 mg mor- 
phine -h 1 mg prostigmine raised the pain threshold about 10 %). 
In our opinion there is a clear potentiation in Andrews’ experi 
ments, also. 

In our experiments both eserine and prostigmine raise the pain 
threshold. This effect may to some extent be due to an increased 
blood flow through the sldn, as observed by Perlow (1939). 
Besides, a central point of attack seems likely. In experiments on 
animals several investigators found that eserine and prostigmine 
arc closely related, as judged by their action on the central ner- 
vous system. (McKail, Obrador and Wilson 1941; Schweit- 
zer and Wright, 1937; Bulbring and Burn 1941; Emmelin 
and Jacobsohn, 1944). In man Kremer (1941) observed in agree- 
ment with the findings of these authors in animals that the do- 
minant action of prostigmine on tbe C. hi. S. is depressant. Stu- 
dying eserine, he found in conformity with Henderson and Wil- 
son (1936), who also e.xperimcnted on man, that the central 
action of this drug is mainly stimulant. All observers agree in 
assuming a central action of the two substances, but disagree 
in estimating how much of the central action is due to a vascu- 
lar and how much to a neurogenic component. McKail, Obrador 
and Wilson (1941) studied the effects on the excitability and 
transmission of impulses in central nervous system of different 
drugs acting upon the cerebral circulation. They found that carbon 
dioxide, adrenaline and cerebral ischaemia produced the same de- 
pressant action on the cortical responses ns acetylcholine, eserine 
and prostigmine. Wliatever the fundamental mecham’sm, the ac- 
tion of acetylcholine, prostigmine and eserine is certainly central. 
Obviously too little is known about the point of attack and mode 
of action of eserine and prostigmine in the C. N. S. to explain 
why prostigmine potentiates the analgetic action of morphine. 
The suggestion of Slaughetr et al. (1940) that morphine in 
some way or other acts through a cholinergic mechanism is in 
good agreement with the observation presented in this paper. 
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Summary. 

1. A slight modification of the Hardy-Wolff-Goodell method 
for measuring pain threshold on man is described. 

2. ' Eserine raises the pain threshold. 

3. Prostigmine raises the pain threshold. 

4. Prostigmine greatly potentiates and prolongs the analgetic 
action of morphine. 
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Some Effects of Acetylclioline, Eserine and. 
Prostigmiiie when Injected into 
the Hyi)otlial{iimis. 

By 

NILS EMMELIN and DORA JACOBSOHN. 

Kcceivcd 6 October 1944. 


The conception that acetylcholine is in some way engaged 
in the process underlying the excitation of central nerve cells is 
supported bj' recent e.xperiments. Acetylcholine has been extracted 
from the brain (for references sec SIacIntosh 19H), and nervous 
tissue is capable of synthetizing acetjdcholine (Mann et al. 1938). 
Observations on the action of acetylcholine, eserine and prostig- 
mine on cerebral and spinal functions suggest that acetylcholine 
may act as a central transmitter; of special interest is the observa- 
tion that eserine potentiates the central action of acetylcholine 
(see Bulbring and Burn 1941). It is also claimed that acetyl- 
choline is liberated on the stimulation. of afferent nerves (see Bul- 
bring and Burn 1941). If KCl is injected into the perfused brain 
of the cat the concentration of acetylcholine in the jierfusate is 
increased (Chute et al. 1940). Acetylcholine can readily be re- 
moved from brain cells, since the grey matter is very rich in ace- 
tylcholine esterase (Nachmansohn 1939). 

In this connection reference is frequently made to experiments 
in which drugs acting on the autonomous nervous system were 
injected into the ventricles of the brain. Pilocarpine injected into 
the lateral ventricles of man caused salivation, secretion of sweat, 
vasodilatation, vomiting and other effects which Cushing (1932) 

7 — i502GG. Acta phya. Scandinav. Vol. 9. 
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thouglit to be due to the stimulation of a parasympathetic centre 
in the hypothalamus. Acetylcholine, injected into the lateral ven- 
tricle of the cat causes a sleeplike state (Dikshit 1935). Pilocarpine 
applied in the lateral ventricle of the rabbit causes dilatation of 
the pupil, exophtalmus and hyperthermia (Light et al. 1933). In 
man, acetylcholine or eserine injected into the lateral ventricles 
causes vomiting, increased peristalsis, sweating and, in some in- 
stances, a sleeplike state (Henderson and Wilson 1936). 

In experiments on cats the present authors observed that the 
injection of acetylcholine into the hypothalaroic region caused a 
cessation of breathing. This effect did not occur regularly; this may 
be due in part to the difficulty of making the injection into the 
same region in every experiment, and in part to the difficulty of 
finding the right dosage. In our experimental attempts to contri- 
bute to the problems imder discussion we have applied the stable 
drugs eserine or prostigmine, and have performed the injections 
into the third ventricle in order to secure greater constancy of the 
regions reached by the drugs. 

It is well established that visceral organs can be affected from the 
hypothalamic region. Sympathetic centres have been found there, 
and their electric stimulation may cause vasoconstriction, inhi- 
bition of the motility of the gut, sweating, piloerection, dilatation 
of the pupil, contraction of the nictitating membrane. The pres- 
ence of a parasympathetic centre, originally suggested by Cushing, 
was more recently claimed by Beattie et al. (1932, 193i), and 
Heslop (1938), who observed that electric stimulation of definite 
hypothalamic nuclei causes fall in blood pressure, secretion of 
gastric juice,- increased tone and motility in the digestive tract and 
the bladder, myosis etc. Some observers, however, were unable to 
obtain evidence of a parasympathetic hypothalamic centre (see 
Eanson and Magoun 1939). 

Experiments. 

Our experiments were performed on cats. 

Anaesthesia. In every instance chloralose was used as an anaesthetic. 
The choice of anaesthetic is rather important in experiments of this 
kind. Barbiturates are likely to be adverse for the following reason: 
they exert a depressing action on the hypothalamus (Massbkman 1937); 
because of their atropine-like effect (see Emjielin 1941) barbiturates 
should be omitted when studying proceedings where cholinergic nerves 
are involved. In a study on parasympathetic effects elicited from the 
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hypothalamus, Beattie and Sheehan (1934) notice that such effects 
are more regularly observed with chloralose than with dial. Felton 
(1932) stresses that barbiturates should be omitted in experiments on 
the hypothalamus, and Eanson (1939) comments that sympathetic 
effects can well be elicited from the hypothalamus under barbiturates. 
It is interesting to note in this connection that in Eanson’s experi- 
ments sweating could not be induced from the hypothalamus under 
nembutal. It was recently demonstrated that the sweat glands, the 
nerves of which are known to be cholinergic, do not re^ond to nervous 
stimulation when the cat is anaesthetized by a barbiturate (Emmelin 
1941). 

Technique of disseclion and injection. The method should, if possible, 
satisfy the following claims: 1) the brain should be left intact as far as 
possible; 2) the full amount of the injected fluid should with certainty 
reach the third ventricle; 3) the injected substances should not reach 
other centres than those related to the third ventricle. 

Because of its topography and narrow frontal diametre the third 
ventricle is difficult to approach by direct injection. In attempts to 
bring active substances in contact with the hypothalamus, previous 
investigators injected via the lateral ventricles, the fourth ventricle 
(see Eanson and Magoun 1939) or via the aqueduct of Sylvius (Lafora 
1931). In our experiments the base of the skull was opened and the region 
between optic chiasm and the hypophysis exposed. The injection was 
performed with a capillary glass tube introduced into the third ven- 
tricle, through the staUc of the hypophysis, as described later in detail. 

The dissection was performed as follows: The anaesthetized cat was 
placed on its back, with the head slightly flexed towards the chest. A 
cannula was inserted into the trachea, both lingual arteries ligated and 
the entire floor of the mouth removed. In the base of the skull a hole 
is drilled, the borer being directed towards a point a few millimetres 
rostral to the suture between the sphenoid and presphenoid bones, which 
is situated approximately at the connecting line between the two ptery- 
goid processes. During the boring, first the sphenoidal sinus is opened, 
and then the region between the anterior pole of the hypophysis and the 
optic chiasm. It is essential that the boring takes place in the middle 
line and not further rostral than in the region of the optic chiasm. The 
dura is cut. Bleeding can be avoided if the dissection is adapted carefully 
to the topography and a thermocauter used when removing the floor 
of the mouth. With correct boring the infundibulum can be exposed 
without bleeding. The dissection can be done in 45 minutes. 

In the cat the third ventricle extends as far as to the infundibular 
process of the hypophysis (nomenclature according to Eiooh, Wis- 
LOCKi et al. 1940). Within the region of the neural stalk its wall 
is extremely thin and its frontal diametre somewhat larger. This part 
does not belong to the hypothalamus. If a glass capillary is inserted 
into the stalk of the hypophysis just rostral to the anterior pole of the 
hypophysis the third ventricle will be reached without damage to the 
hypothalamus. By very slow injection it is in our e''periments possible 
to perform the injection in such a way that it does not extend beyond 
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the third ventricle. Figure 1 shows the 
exposed infundibulum situated between 
the optic chiasm and the hypophysis. The 
pars distalis of the h^ophysis, which is 
lighter than the environment, is conical 
in the rostral part and points towards the 
neural stalk, which is grey. The arrow in 
figures 1 and 3 indicates the point where 
the injection was made. In the first series 
of our experiments, where the injection 
was made into the hypothalamus, the glass 
capillary was introduced through the optic 
chiasm. 


Eg. 1. Photograph of the optic 
chiasm, infundibulum and hy- 
pophysis after the skull has 
been opened. The arrow points 
to the stalk of the hypophysis 
at the point where the injec- 
tion is to be made. 


The injection was performed by a glass 
capillary, 0.2 — 0.3 mm in diametre, at- 
tached to a pipette, where two cm height 
corresponded to O.oos ml. The rate of in- 
jection is controlled by a screw and a tap. 
The capillary is mounted on a stand, fitted 


with a device for delicate adjustments in 
all three dimensions. By means of this device the capillary is introduced 


through the neural stalk into the third ventricle. We use a lens 
magnifying 10 times and an appropriate illumination. On injection 
the head of the cat must be perfectly fixed and flexed towards the 
chest in such a way that the connecting line between the anterior pole 
of the hypophysis and the optic chiasm is approximately horizontal. 
As a rule O.oos ml was injected during — 1 minute. 


At the end of the experiment the hypothalamic region with the hj^po- 


physis attached were re- 
moved, fixed in Carnoy’s 
solution and embedded in 
paraffin. The position of 
the capillary was con- 
trolled by examining serial 
sections stained with hae- 
matoxylin-eosin and cut 
at 12 [j, under the micro- 
scope. It is difficult to 
detect the insertion chan- 
nel if the capillary is re- 
moved before fixation. We 
have achieved better res- 
ults by applying the Car- 
noy solution to the in- 



fundibulum while the 
animal is alive, and by 
killing the animal five 
minutes later. By this 
method it is possible to 


Fig. 2. Photomicrograph of a frontal section 
through the hypothalamus of the cat at the level 
of the median eminence. The arrow points to the 
channel where the cannula had been inserted. 
Section cut at 12 /t. Hematoxylin-eosin stain. 

Magnification 20. 
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keep the channel open after the removal of the capillary. Fig. 2 
represents a section though the insertion channel. In this figure there 
is no bleeding or tissue damage. In 16 experiments of this kind 
the microscopic pictures agreed ivith fig. 2. In two experiments there 
were traces of blood in the third ventricle. In two other animals it was 
found in the microscopic control that the capillary had not been inserted 
into the third ventricle. In these two experiments the typical peripheral 
effects obtained with injections into the third ventricle did not occur. 
With sufficient experience, the ojjerator is well aware on inserting the 
capillary whether it takes the right or wrong course. 

Fig. 3 indicates which re- 
gions are reached by the in- 
jection. In this and two other 
instances, O.oos mi of a O.s 
per cent aqueous solution of 
gentianviolet were injected 
as a control. The animal was 
killed 10 — ^15 minutes after 
the injection, that is, the 
same time within which the 
peripheral effects studied in 
this paper occur, and the 
brain examined. The lateral 



and the fourth ventricles re- 
main white, while the entire 
w'alls of the third ventricle 
show a dark violet colour. 


Fig, 3. Photograph of a median section of the 
cat’s brain after staining the third ventricle. 
The third ventricle and the aqueduct of Sylvius 
are stained. The arrow shows the point of 
injection. 


The aqueduct of Sylvius 

shows a colouring which decreases and is absent at the entrance 
to the fourth ventricle. The infundibulum and the hypophysis remain 
uncoloured, which indicate that there is no retrograde leakage in the 
injection chamiel. The advantages of gentianviolet in experiments of 
this kind is discussed by Bieter et al. (1936). 

Registered effects. The breathing was registered by means of a Marey’s 
tambour attached to a tracheal cannula. The intervals between the res- 


pirator)’’ movements were more accurately registered by the Fleisch 
“Ordinatenschreiber”, where the heights of the ordinates are propor- 
tional to the lengths of the intervals. The impulses operating this instru- 
ment are derived from a special Marey tambour attached to the tracheal 
cannula. 


The blood pressure in the carotid artery was registered by a U-shaped 
mereury manometer. 

Intestinal motility was registered by a rubber balloon, inserted into 
the gut and attached to a U-shaped manometer, filled with water. 

Gastric juice was obtained from a cannula inserted through the wall 
of the stomach. The juice ■was continually collected, its volume and acid- 


ity determined every 15 minutes. 

The motility of the bladder was examined by inserting a cannula, 
which was attached to a membrane manometer. The cannula.; was. 
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inserted through, the urethra, the urine discharged, and suitable amounts 
of warm Tyrode solution introduced into the bladder. 


Results. 

Experiments with acetylcholine. 

In the first series of experiments acetylcholine was injected 
into the anterior region of the hypothalamus. Fig. 4 demonstrates 
the inhibition of duodenal motility and tone, caused by the injec- 
tion of 60 y acetylcholine. Within five minutes after the injection 
the respiration ceases entirely, causing the death of the animal. 


\ y \ 





Fig. 4. Action of acetylcholine on respiration and intestinal motility after injection 
into the anterior region of the hypothalamus. From above: duodenal motility; 
respiration; time in minutes. At the arrow 60 y acetylcholine were injected. 


With smaller doses (10 — 20 y) the apnoea was transitory. On 
injecting 50 y acetylcholine intravenously into the cat no effects 
on intestinal motility and respiration were observed. On increasing 
the intravenous injecting dose to 1 — 2 mg acetylcholine apnoea 
of short duration was observed; the motor effect on the gut was 
stimulating. Considering these facts and the destroying activity 
of choline esterase, it is highly unlikely that the effects described 
should have been elicited in other ways than by acetylcholine 
acting on some cerebral centres. 

Experiments ivith prostigmine and eserine. 

We used prostigmine methylsulphate and eserine salicylate, 
dissolved in a 0.9 per cent NaCl solution. 50 y were injected, dis- 
solved in 0.005 ml. The insertion of the cannula into the third 
ventricle does not influence the respiration, or the intestinal or 
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bladder motility; a slight, transitory fall in blood pressure occurred. 
Injections of saline solution as a control caused no effect on respi- 
ration, bladder and intestine. 

In a series the effect of prostigmine and of eserine on intravenous 
injection was controlled. Fig. 5 represents an experiment with 
prostigmine: prostigmine increases intestinal tone and the rate of 
gastric secretion and decreases the amplitude of the respiratory 
movements, whereas the rate of these movements is tmaltered (or 
slightly increased in some experiments). The bladder motility, 

j, : 



c.g«,i 


Fig. 5. Intravenous injection of prostigmine. From above: jejunal motility; res- 
piration; volmncs of gastric juice secreted in 16 minutes; time in minutes. At the 
arrow injection of 50 y i)rostigminc methylsulpliate into the femoral vein. 

which was not registered in the experiment of fig. 5, was regularly 
stimulated by prostigmine. 

JEffccl on respiration. On intraventricular injection both prostig- 
mine and eserine caused a tj^ical effect, which is demonstrated 
in figures 6 and 7. Within a few minutes after the injection the 
respiratory movements increase in size and decrease in rate. 15 — 30 
minutes after the injection a complete apnoea develops. During 
this period the ventricles of the heart beat vigorously and without 
any palpable disturbances in rhythm. If artificial respiration is not 
instituted, or other action taken, the animal will not recover from 
the apnoea. If artificial respiration is maintained during some 
two hours, the animal regains the capacity of spontaneous breath- 
ing. The breathing can also be restored by repeated intravenous 



104 


NILS BMMBLIN. AND DORA JACORSOHN. 


injections during 1 — 2 liours of analeptic, drugs, sucli as metrazol 
or nicethamide (fig. 8). Tliis figure also demonstrates tlie effect of 
intraventricular injection of prostigmine on tlie blood pressure. 
If afferent impulses from tbe lungs are blocked by vagotomy cen- 
tral injection of prostigmine or eserine still inbibits respiration. 

Effect on intestinal motility. Prostigmine and eserine injected 
centrally inhibit motility and tone of the small intestine (see fig. 6). 
This effect sets in about 8 — 10 minutes after the injection and per- 
sists during 15 — 20 minutes. 



Fig. 6. Eserine injected intraventricularly. From above: time in minutes; respi- 
ration; jejimal motility. At the arrow ihjection of 50 y eserine salicylate into the 

third ventricle. 


The fact that the effect of prostigmine and eserine when injected, 
into the third ventricle is opposite to that observed on intravenous 
injection indicates that the inhibition of the. gut is induced by im- 
pulses from the brain. The effect is not brought about by the vagi, 
since it persists after section of both vagi in the neck. In a series 
of experiments the coeliac ganglion and the suprarenals were 
removed. In these animals intraventricular injections of prostig- 
mine or eserine did not cause inhibition of the gut although the 
typical effect on respiration and bladder could be observed (fig. 7). 
These experiments suggest that eserine and prostigmine stimulate 
a sympathetic centre in the midbrain. 

Effect on the bladder. Prostigmine and eserine injected intraven- 
tricularly strongly inhibit the motility of the bladder (see fig. 7). 
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Fig. 7. Injection of prostigniine into the third ventricle after the coeliac ganglion 
and the auprarenals have been removed. Prom above; time in minutes; respiration^ 
registered ■w-ith n Marey’s tambour; jejunal motility; rate of respiration, registered 
•with the ‘‘Ordinatenachroiber”; the zero-line of the “Ordinatenschreiber”; signal; 
bladder motilit3\ One mm of the ordinate in the original corresponds to 0.5 sec. 
At the arrow injection of .50 y prostigminc methj-lsulphatc into the third ventricle. 


This action must obviously be of central origin since these substan- 
ces, when injected intravenously stimulate the activity of the 
bladder. 

Effect on (he circuhtion. Intraventricular injections of prostig- 
mine and eserine cause a .slow and prolonged fall in blood pressure 
as measured in the carotid artery (see fig. 8). 

Effect on gastric secretion. Eserine and prostigmine when in- 
jected intraventricularly do not augment the rate of gastric secre- 
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Fig. 8. Action of nicethamide during the apnoea caused hy intraventricularly 
injected prostigmine. From above: time in minutes; respiration, registered with a 
Marey’s tambom; rate of respiration; zero-lino of the ’“Ordinatenscbrciber", 
signal; blood pressure in the carotid artery. At the arrow injection of 50 y prostig- 
mine methylsulphate into the third ventricle. As soon as the typical respiration 
disturbances occur injection of 50 mg nicethamide intravenously. The injection 
was repeated when respiration disturbances began, in all seven times (at the marks 

following the arrow). 


tion. On the contrary, there is a tendency for the volume of secreted 
juice to decrease. In some experiments it was observed that 
spontaneously secreted juice, which before the injection gave a 
positive reaction, was Congo negative after the injection. 

Effect Oil body temferature. It is stated that intraventricular 
injection of pituitrine and other drugs are capable of influencing 
body temperature (Lawrence and Dial 1932, Light et al. 1933). 
In our experiments there was no significant change in the rectal 
temperature after injections of eserine and prostigmine into the 
third ventricle. 

Effect on salivary secretion. Although the rate of secretion was 
not accurately measured it was obvious by inspection that the 
secretion of saliva was stimulated after intraventricular injections 
of eserine or prostigmine. 

Observations with atropine. We intended to examine whether 
the effects induced by intraventricular injection of eserine and 
prostigmine were influenced by subsequent intraventricular injec- 
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tions of atropine. In control experiments witli atropine alone 5 10 

yjkg of this substance was injected into the ventricle. A strong 
inhibition of bladder and intestinal motility was observed within 
a few minutes, while the respiration was not affected. Since it was 
observed in other controls that 5—10 y atropine/kg injected intra- 
venously strongly inhibited bladder and intestine motility, it 



Fig. 9. Prostigmine suboccipitally. From above: time in minutes; respiration, 
registered with a Marey’s tambour; jejunal motility; rate of breathing, registered 
with the “Ordinatenschreiber”; zero-line; signal. Between the marks on the signal- 
line 60 Y prostigminemethylsulphate were injected suboccipitally. 

seems unsafe to state that this small dose of atropine inhibits the 
bladder and gut by a specific action on the midbrain, although it 
seems rather unlikely that the larger part of the atropine should 
within a few minutes be removed from the third ventricle to the 
blood. In our experiments no effects were observed with intraven- 
ous or intraventricular injection of less than 5 — 10 y/kg. In view 
of this uncertainty and of the fact that atropine when injected 
intraventricularly acts like eseriue and prostigmine on the gut and 
bladder, we have only investigated the effect of intravenously 
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injected large doses of atropine on the apnoea referred to pre- 
viously. There was no typical effect of atropine on this apnoea 
apart from a tendency to prolong the period of breathing at a 
very slow rate if atropine was injected in time before apnoea 
occurred. Schweitzer and Wright (1937) claim that eserine 
effects of central origin are not antagonized by atropine, whereas 
Henderson and Wilson (1936), McKail et al. (1911), Bulbring 
and Burn (1941) have observed an antagonism of this kind. 

Actions of siibocci'pitally injected prostigmine. In these experi- 
ments 50 y prostigmine methylsulphate dissolved in 0.1 ml saline 
was injected suboccipitally. In two of four experiments this was 
followed by a decrease in the rate of breathing. The inhibition 
occurred later, and ivas slighter and more transitory than with 
injections into the third ventricle. The motility of the bladder 
was not influenced, whereas a slight stimulation was observed on 
the gut (see fig. 9). The effect on the gut occurred within a few 
minutes; this, together with the fact that the bladder was not 
influenced, suggest that the drug reaches the medullary vagal 
centres and stimulates them. 

Discussion. 

The actions observed after injection of prostigmine and eserine 
into the third ventricle are considered to be central in origin; they 
are opposite to those caused by intravenous injection. There are 
many indications that by the technique of injection employed in 
our experiments the active drugs are brought in contact with the 
hypothalamus. Controls with injection of coloured material show 
that during the time within which the studied effects occur the 
injected material does not extend beyond the third ventricle. 
The typical effects caused by injection of eserine and prostigmine 
into the third ventricle can not be elicited by suboccipital injection 
of the drugs. The assumption that, in our experiments, the hypo- 
thalamus is the main site of action is in agreement with the well- 
established fact that effects similar to those observed after intra- 
ventricular injections of eserine and, prostigmine can be elicited 
by electrical stimulation of the hypothalamus. This causes an 
increased sympathetic discharge to the gut as described by Beattie 
(1932), Beattie and Sheehan (1934), Heslop (1938), Ranson et 
al. (1939). According to these authors a centre is situated in the 
lateral hypothalamic area, which inhibits the motility of the 
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digestive tract. The motility and tone of the bladder is inhibited 
by electrical stimulation of the posterior region of the hypothala- 
mus (Beattie and Kerb 1936). The breathing can also be inhib- 
ited by electrical stimulation of the hypothalamus and adjacent 
regions (Eanson et al. 1939, Leiter and Grinkeb 1934, Ectors 
et al. 1934, Hess 1936). ClaCl« injected into the infundibulum de- 
creases the rate of breathing and may even cause apnoea (Demole 
1927, Cloetta et al. 1930, 1934). In man respiratory disturbances 
in the rhythm of breathing have been observed in cases with 
tumours in the hypothalamic region (Penpield 1929, Dott 1938). 

In our experiments the depressing effect on breathing is coun- 
teracted by metrazol and nicethamide. This antagonistic action may 
in part be due to a stimulation of medullary centres; but it may be 
mentioned in this connection that these drugs stimulate breathing 
even when injected into the hypothalamus (JIasserman 1940). 

A fall in blood pressure can be induced by electrical stimulation 
of definite hj^othalamic regions (Silver and Morton 1936, 
Hare and Geohegan 1939, Bronk 1933). 

The parietal gastric glands can be excited by electrical stimula- 
tion of the lateral margin of the infundibulum (Beattie 1932). 
Heslop (1938) demonstrated that electrical stimulation of supra- 
optic and tuberal regions iras followed by the secretion of acid 
juice, while on stimulation of the mammillary region there was a 
tendency to decrease rate and acidity of secretion. In our experi- 
ments prostigmine and eserine, when injected into the midbrain, 
did not stimulate the secretion; on the contrary, there was a ten- 
dency to decrease the secretion rate and acidity. 

Our experiments are not opposed to the view that acetylcholine 
plays a part in central excitation. In view of conflicting observa- 
tions, it is of interest that eserine and prostigmine in our experi- 
ments exert identical effects. It is suggestive to hypothetize an 
identical mode of action for the two drugs; the choline esterase may 
be the point of attack. In our experiments acetylcholine when 
injected intraventricularly elicits similar effects as eserine and 
prostigmine. Henderson and Wilson (1936) observed that 
eserine and acetylcholine injected into the lateral ventricle in man 
elicit identical effects; they assume that eserine acts by inhibiting 
the esterase, thus favouring the accumulation of , acetylcholine in 
active concentrations; they further assume that the acetylcholine 
is liberated by nervous impulses reaching the braini In this con- 
nection it is of interest that, in our experiments, the actions of 
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acetylcholine are elicited immediately, and those of eserine and 
prostigmine not until 5 — 10 minutes after the injection. 

There are further indications that acetylcholine is connected in 
some way or other with hypothalamic activity; hlAciNTOSH (1941) 
extracted acetylcholine from the hypothalamus, and in electrical 
stimulation of the hypothalamus Adam et al. (1938) demonstrated 
acetylcholine in the outflow when the ventricular system was 
perfused. 


Summary. 

1. A method for injection of drugs into the hypothalamus and 
the third ventricle is devised. 

2. Acetjdcholine injected into hypothalamic regions has similar 
actions on the respiration and intestinal motility as those observed 
by other workers from electrical stimulation of definite hypothala- 
mic regions. 

3. Eserine and prostigmine injected intraventricularly cause 
apnoea, inhibition of the motility and tone of the gut and bladder, 
and some other effects which are similar to those described by other 
observers in electrical stimulation of hypothalamic regions. 

4. It is suggested that acetylcholine, eserine and prostigmine 
excite hypothalamic cells, which constitute a sympathetic centre 
at this level. 
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In 1915 Bainbridge proved that an increase in venous pres- 
sure caused a decrease in vagus tonus and an increase in acce- 
lerator tonus. Ever since Bainbridge’s fundamental investiga- 
tions in this field the manner in which the heart rate reacts to 
■changes in the venous inflow, has been the subject of many in- 
vestigations. 

Bainbridge carried out his experiments on dogs. He injected 
warmed blood or NaCl-solution at rectal temperature into the 
left ext. jug. vein; 200 — 400 ml. being injected in P/a — i min. 
nr 40 — 50 ml in 15 — 30 sec. This produced a definite increase in 
the heart frequency. When a smaller amount was injected, the 
effect persisted for a shorter time. 

The reflex was found to be absent when the acceleratory ner- 
ves of the heart were severed, and the suprarenal veins were liga- 
tured. The effect was also dependent to some extent on the num- 
ber of injections; at the beginning of the experiment the effect 
was greater and more lasting. The arterial pressure was practi- 
eally constant during the experiments. 

The result of Bainbridge’s investigations have been very much 
discussed. Some authors were able to reproduce the results, others 
not. Sassa and Miyazaki (1920) repeated the experiments on 
frogs, rabbits, cats and dogs. They could not obtain any effect 
on frogs and rabbits, but on the other hand their experiments 
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■on cats and dogs vrere successful. They used injections of NaGJ^ 
solutions, in order to increase the venous pressure; but in other 
experiments they, achieved this bj introducing a balloon into tlie 
right Auricle. The reflex could also be produced when the balloon 
was inserted into v- cava sup. near the heart. The effect persisted, 
however, even after the sympathetic fibres had been severed. 

In experiments on dogs De Graff and Sands (1925) were 
far from always able to produce any Baenbridge reflex, 

Anrep and Segall (1926) carried out experiments on inner- 
vated heart-lung preparations from dog and were able to elibit 
the Bainbridge reflex. It was not obtained after severance of 
n. vagi, but remained unchanged after extirpation of the stellate 
ganglion. Bainbridge considered that the increase in the ve- 
nous pressure caused the reflex. Anrep and Segall pointed to 
other factors which are present with increased venous filling, 
namely, 1) increase in the diastolic volume of the heart, which 
affects the musculature of the heart and the visceral and parie- 
tal folds of the. pericardium, 2) increase in the pulmonary pres- 
sure. These authors showed that the reflex remained imchanged 
after severance of the pulmonary ramifications of vagus and also 
after removal of the parietal fold of the pericardium. 

In a histological investigation on rabbits, cats and dogs, No- 
NiDEZ (1937) proved that areas could be shown within the in- 
trapericardial part of the venae cavse and the pulmonary veins 
containing numerous nerve terminals. He discusses the result of 
his investigations in the light of those of Bainbridge, Sassa and 
IMiyazaki, and arrives at the conclusion that the subendothelial 
nerve ter min als are excited mechanically by the increased venous 
pressure. The finding of pressoreceptor structure in the cen- 
tral veins seemed to fit in very well with the existance of the 
reflex described by Bainbridge. 

The object of the present investigation was to study the acti- 
vity ■within, the afferent part of the Bainbridge reflex by re- 
cording the action potientals set up in the vagus nerve by increas- 
ed pressure within the large central veins. 


Methods and results. 

The experiments were performed on rabbits and cats weighmg 
2 — 3.5 kilos. The rabbits were anaesthesized ■with an intravenous in- 
jection of 7 cc. of a 20 % urethane solution per kilo, and the cats were 

8 — iS026G. Acta phys. Scandinav. VoL9. 
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given, 5 cc. of an 1 % cHoralos solution intravenously. Cannulas -were 
inserted in tlie usual way into tlie left carotid artery, the left femoral 
vein and the trachea. The venous pressure was observed by means of 
a piston recorder in the left jugular vein. 

The electric response from the nerve was recorded by means of a 
resistance-capacity coupled amplifier and a cathode oscillograph pre- 
viously described (Zottebman 1939), 

In order to study the action potentials from afferent fibres 
running from the auricle or from the central veins, it is neces- 
sary to eliminate the action potentials in the afferent fibres of 
the vagus which run from the lungs and the respiratory tracts. 
For that reason we have made the following attempts. First we 
tried to separate the afferent fibres by splitting up the vagus 
nerve on the neck into a large number of fascicles in the hope to 
obtain fascicles containing the afferent fibres wanted but none 
from the lungs. This procedure failed entirely, as all the fascic- 
les tested proved to contain afferent fibres from the lung. Another 
possibility would be to cut all fibres running to the bronchs as 
they leave the main vagus. The nerve fibres running to the lungs 
and to the heart, however, leave the main trunk of the vagus 
so close together that it seemed impossible to separate them. 
We also made several attempts to eliminate the afferent fibres 
to the lungs by crushing the walls of the right main bron- 
chus by means of an arterial clamp but even this procedure did 
not succeed fully; there always remained a volley of impulses at 
each inflation of the lungs. 

We then tried to eliminate the activity of these fibres by in- 
troducing 1 — 2 ml 10 % procain solution in the right bronchial 
system via an meter cannula. This procedure greatly reduced 
the number of impulses set up at each inspiration but did not in 
any case eliminate them completely. As regards the rabbits, this 
method proved to be 'the only way of reducing the masking 
action of the lung afferents. In the cats, however, the thorax 
could be opened on the right side, which proved to abolish all 
the impulses from the right lung. 

The venous pressure was raised by rapid infusion of 10 — 50 ml. 
body-warm Ringer solution into the left jugular vein, while re- 
cording from the vagus nerve. The effect was entirely negative 
however. In order to raise the signal-to-noise ratio of the poten- 
tials which we were searching for, the vagus nerve was divided 
into 6 — 10 fascicles, but in none of these we were able to find 
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the slightest sign of any increased activity following upon a sud- 
den increase of the venous pressure. These negative findings were 
obtained in experiments upon altogether eight cats and twelve 
rabbits. 


Discussion. 

The failure to obtain any signs of afferent impulses following 
upon increase of the venous pressure raises the question whether 
the fibres are of such a small size that the method employed does 
not permit of their recording or whether there really exist in the 
right vagus afferent fibres reacting upon an increased venous 
pressure. 

The recording of action potentials from fibres running from 
pressoreceptors of the aortic and carotid regions is a rather easy 
procedure. Thus we consider our negative findings rather signi- 
ficative. We have, however, to consider the possibility that the 
presumptive fibres from the heart are of such a small size that 
their actmty cannot be traced, when the leads are placed on the 
whole nerve. It was for that reason that we split up the nerve in 
as many thin fascicles as possible in order to raise the signal- 
to-noise ratio. But even this procedure failed entirely, and it 
does not seem very likely that all the presumed pressoceptive 
fibres in the right vagus consist of only very thin fibres in the 
rabbit as well in the cat. And even if this were the case, we 
ought to have seen some signs of augmented activity when re- 
cording from very fine fascicles of the nerve when the venous 
pressure was raised suddenly. 

The chemoreceptive fibres in the carotid sinus nerve of the 
dog were found to consist of very thin fibres (Euler and ZoT- 
TERMAN 1942) but the pressoceptive fibres in the depressor nerve 
as well as in the carotid sinus nerve of the cat are of such a size 
that permits a fairly easy recording of their action potentials. 

Thus we have failed in producing any direct evidence for the 
existence of these pressoceptive fibres in the right vagus nerve. 
A review of the literature shows that the indirect evidence hith- 
erto supplied by experimental work is not imanimously posi- 
tive. Thus, in experiments on dogs, De Graff and Sands could 
not always see any reflex, and when they found an effect, this 
persisted even after both vagi were cut. Thus the acceleration 
of the heart rate which follows upon an increase of the venous 
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pressure need not necessarily be due to^a.reflexreiicitedma^^ 
ferent fibres from, tbe central Y-ein running iwMtluntiHe 
vagus trunc. . .• 

On the other hand, Aneep and Segall, who;dbserve^j"that; ; 
an increased output of the heart gives rise to reflex acceleration 
of the heart beat” in experiments with the iimeryated hearff^, 
lung preparation, many times could observe a, definite aCcelera- ' 
tion with a minimum rise of the venous . pressure; but in several j ; 
cases the venous pressure did not rise at all . or rose oidy. f^ 
short time. They thus considered the location^of i.the; lecepte^^^ 
pare of the reflex to the venae cavae . to be .doubtfunandtthey*^ 
also questioned whether the venous pressure, is fespOhsible'^ 
the reflex. , 

According to Nonidez, the extensive plexus between the^^ 
nings of the venae cavae of the cat arises to onepart from a, nerve;. 
branch rising from the right vagus, and "large myelinated *fibres’:;('; 
from this plexus are seen ending in the walls of the venae cayae..;;: 
The nerve endings in the intrapericardial portions of.the,;y^haef; 
cavae were found to closely resemble the terminations in the 
tid sinus and in the aorta, and were thus regarded as pressore:/.; 
ceptors. Such endings are not seen in the walls of the venae; pa'i.:; 
vae of the rabbit, in which animal the Bainbeidge; reflex, cannot 
be demonstrated (Sassa and Miyazaki). . 

The negative result of our experiments demonstrates, we,, think,;', 
that the large myelinated fibres described by NoNiDEZ.^.cahnot ; 
be afferent vagal fibres responding to a rise of the presspre;in‘., 
the central veins and the right auricle. ■ " 



Summary. 



1. Attempts have been made to record from the right vagus .J' 
of cats and rabbits action potentials due to a sudden; ihcreasb> 
of the pressure within the central veins and the.; right; auiicleis 
The result .was entirely negative. 

2. This finding indicates that the nerve; fibres, seryiiiig;a|^ 
afferent part of the Bainbeidge reflex are,;“it'they/;reailj^;em^^^ 
of such a small diameter, that they caimot be 'record^ 
methods applied. This result is disciissed in light pr 
experience of the Bainbeidge reflex presented •m 'pdlftVra^^ 
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The prime factor in hydrocyanic acid poisoning is;; generally ^ 
supposed to consist in a blocking of enzyme system!snmpprtant:; 
to the maintenance of life. Among the many methods thaV.have? 
been suggested for the treatment of cases of hydro'cyanih'pbiry' 
soning (see Wirth 1936), there seem to be only a few^TOtB-ajcer^j 
tain theoretical background. Treatment with reagents that^brihg ;! 
about a conversion of the blood pigment to methemoglobinj 
(ferrihemoglobin) aims at a neutralization of the hydrocyanic: acid) 
by forming the relatively stable and innocuous cyanrnethemoglo)-, 
bin. Another principle is to neutralize the hydrocyanic : acid: By) 
the addition of aldehydes or ketones, with which the hyiirbcyanic : 
acid forms cyanhydrins (Marshall and RosEOTELb^'-iSM).) 
Experimental tests have, it is true, shown these meth6dS;to; have : 
a certain therapeutic usefulness, but from the theqreticaTpoint^ 
view they are not above criticism. There seenis, on the other-kand), 
to be more theoretical support for the treatment proposedi^by^^ 
Agner (1939), consisting in the intravenous iiijcctionkfycopjper,; 
(11) chloride. For enzymes whose effect is idue ;t6;;the:jpresence)o^^ 
copper, the effect can be inhibited withky(k;pcyaiuc}h'cid|an^^ 
restored by the addition of copper (KpBp;TOTZ;,‘i938, Mbre 
and Stewart 1941, Skanse and SuNDBLAb 1943).;>/^^^^ 
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mammals, the main point of attack for the hydrocyanic acid is 
however, certainly the iron porphyry ferments. If, however, the 
cyanide is bound firmer to the copper than to the ferments, the 
copper will be able to inhibit the cyanide effect, as Agner has 
demonstrated. The copper cyanide compound has been shown to 
be of a complex nature (Noeberg and Jacobson 1945)’. 

For the clinical application of Agner’s copper treatment, a 
knowledge of the copper (II) ion’s toxicity and its relations in the 
organism is of prime importance. As the data in the literature 
are in the first place lacking in detail and in the second place 
contradictory, they have been reinvestigated in the present paper. 
The copper-content in the blood and organs of rabbits has been 
determined after the injection of increasing amounts of copper 
(such as chloride or sulphate) in animals that have been killed a 
short time after the experiment and in animals that have been 
permitted to live for 20 hours or more after the injection. Liver 
and kidneys have been taken for the analyses, as the copper- 
content in these increases in case of acute copper poisoning (see 
e.g. Eden 1940). In consideration of the fact that copper poisoning 
gives rise to cerebral symptoms (Esser 1937 and others) and with 
an eye to the copper treatment of hydrocyanic poisoning, also the 
brain and the spinal cord were examined at first. For in the light 
of the rapid effect of the copper treatment of hydrocyanic poi- 
soning it seems reasonable to assume that the copper (II) ion 
reacts with the hydrocyanic acid at the place where the latter takes 
effect. By means of copper analyses of various organs shortly after 
a copper treatment of hydrocyanic poisoning one should then be 
able to get an idea of whether the hydrocyanic acid effect is bound 
to any particular predilective site, or whether its distribution is 
more general. 

In order to investigate these possibilities, rabbits were poisoned 
by the injection of hydrocyanic acid solution and treated with 
copper. In order if possible to accentuate any differences that 
there might be in the copper-content of the organs on the injection 
of copper alone and after copper-treated hydrocyanic poisoning, 
the hydrocyanic experiments were in several cases repeated after 
the animals had recovered from a preidous poisoning with the 
help of tne copper treatment. 

And finally, some analyses were carried out on organs from 
healthy rabbits and on rabbits that had been killed with hydro- 
cyanic acid without subsequent treatment. 
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Experimental Inyestigations. 

Method. 

The animals experimented upon have been exclusively young rabbits, 
•weighing between 0.85 and 3 kg. The injections were made (except for 2 
cases) without narcosis. For copper poisoning and copper treatment 
solutions of 0.03 mol copper chloride in 0.9 % NaCl and of O.os mol 
copper sulphate in 0.45 % NaCl respectively were used.’- In connection 
with the injection of the copper solution, that was made at the rate of 
1 ml during a period of about 5 seconds, no local reactions were to be 
observed — contrary to the experience of Walther and Be'xer (1939). 
The probable explanation here is that these authors injected partly 
paravenously. 

For the poisoning -with hydrocyaruc acid, an 0.0144 mol solution of 
hydrocyanic acid (potassium cyanide + an equivalent amount of HCl) 
in 0.9 % saline solution was slowly injected in one of the veins of the 
ear until unconsciousness and con-vmlsions and the reduced respiratory 
and cardiac activity showed that the rabbit was moribund. At tliis 
point 1 ml copper solution per 4 ml hydrocyanic acid solution was in- 
jected in one of the veins of the ear. The rate of injection for the hydro- 
cyanic acid solution was in general 1 ml for a period of 5 — 10 minutes, 
and in no case higher than 1 ml in 3 minutes. In this way it was possible 
to avoid an immediate collapse; and through the alternation of hydro- 
cyanic acid and copper the rabbit could stand up to 3 or 4 times the 
minimum fatal dose of hydrocyanic acid. In the course of protracted 
experiments the hydrocyanic acid injections often gave rise to edema 
in the basal part of the ear, probably to a certain extent due to vessel 
contraction. In such cases the hydrocyanic acid injections were discon- 
tinued and the edema was massaged away. The letal dose of the hydro- 
cyanic acid solution was 2 — 4 ml per kg of body weight (0.7 9 — 1.5C mg 
HCN per kg), which is in good agreement with the figures given by 
Hug (1932) for similar rates of injection. 

In some cases the animals were poisoned with a current of hydro- 
cyanic acid gas in a gas-chamber. The animals were killed a short time 
after the experiment, and copper analyses were carried out on heparin- 
ized blood and organs. 

The copper analyses were carried out with the diethyldithiocarbamate 
method according to Delepine (Braun and Scheffer’s modification 
1940). The organs were first dried to constant weight at 110°. Weighed 
amounts of the powdered organs were then incinerated "with sulphuric 
acid and perchloric acid. Blood and plasma were combusted direct 
■without pre'vdous drying. For the determination of the yellow copper 
complex, Summerson’s photo-electric photometer with a 4.5 mm 
thick glass filter Schott BG- 2 was employed. As the photometer value 


’ la. the presence of 0.9 % NaCI a part of a copper is precipitated in CnS 04 , 
which is not the case ■with Q.4B % NaCl. 
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is not strictly proportional to the copper-content, the values of the 
samples were read off from a calibration curve. In table 1 are given 
some values for copper standard solutions according to this method. 
The mean error in the organ analyses was ±10.4 % {a), which was 
calculated from the double values according to Fleisch (1926). 


Table 1. 




0.636 

1.27 

1.90 

2.54 

3.18 

4-45 

5.72 

Mean photo- 
meter value 

49.4 

102.3 

155.4 

205.7 

253.2 

300.8 

383 

464 

Standard 
de'^dation . . 

5.04 

4.9S 

4.72 

6.28 

8.S1 

8.06 

12.37 

! 

14.15 1 


Experiments on Animals witliout Injection of Copper. 

The data in the literature concerniug the copper-content in 
different organs and in the blood vary greatly both for animals 
and for man, as may be seen from the compilation from various 
sources given on p, 124. This is probably due partly to the fact that 
different analytic methods have been employed, and partly to 
differences in diet. For this reason, copper analyses of blood and 
organs from normal, untreated rabbits were carried out. The 
results may be seen in table 2 A. 

Table 2. 


The copper-content hi mg/kg fresh weight in some rabbit organs and 
in mgllitre blood. A: untreated animals. B: rabbits killed with HCN 

{gas- chamber'). 


No. of rabbit 

Liver 

Kidney 

Brain 

Spinal 

cord 

! 

Blood 1 

A. 1 

_ 

6.8 

8.4 

7.5 

1.. : 

13 

7.6 

4.2 

— 

— 

5.4 1 

. 119 

2.7 

2.2 

3.1 

1.7 

2.5 

125 

5.1 

3.0 

2.1 

2.7 

— i 

Mean 

5.1 

4.1 

4.5 

4.0 

3.2 ; 

1 

B. 306 

1.13 

3.30 

2.74 

1.80 

6.4 

307 

3.36 

7.15 

2.3 

1.94 

— 

309 • 

3.0 

3.06 

1.30 

— 

— 

311 

4.10 

3.40 

2.90 


1.88 1 

314 

3.90 

3.0 

2.30 

— 

1.95 1 

Mean 

3.1 

3.98 

2.31 

1.87 

3.41 ' 

i 

1 Mean A-f B 

3.86 

4.02 

3.14 

3.13 

3.32 1 


' The symbol y means microgram (one millionth of a gram). 
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In order to ascertain whether hydrocyanic acid poisoning has 
any effect on the normal distribution of copper, copper analyses 
were carried out on some rabbits that had been poisoned to death 
with hydrocyanic acid in a gas-chamber. The results from this 
series of experiments are given in table 2 B, From these experi- 
ments we see that the normal distribution of copper in the organism 
is not noticeably changed in connection with hydrocyanic acid 
poisoning, since both series A and B show approximately the same 
variations in the copper values. The mean values for both series 
may thus be taken to represent the normal values for om: animals. 


The Toxicity of Copper (ID Compounds. 

The minimum lethal dose with intravenous injection of copper 
(II) compounds (copper chloride, copper sulphate and glycocoll 
copper) in rabbits is by the majority of writers given as between 
1 and 3 mg copper per kg of body weight (Kobert, Lewin, 1 — 2 
mg, Eden and Green 1.5 mg, Walther and Beyer 1.5 — 1.9 mg, 
Bjerrum and Henriques, Agner > 2 mg). The question has 
therefore been reinvestigated by us with doses of 1.5 — 6 mg copper 
per kg. The results are given in table 3. 

Table 8. 

Effect of different copper doses on rabbits. 


Dose mg Cu/kg 
of body "Weight 

B 

2 

2.5 

3 

4 


Number of rabbits . . . 

1 

9 

13 

5 

6 

4 

» » dead 

— 

1 

4 

4 

5 

4 

Time before death. . . . 

— 

4 d. 

6 h.-3 d. 

3-14 h. 

V--2 h. 

10-35 min. 

Number of surviving 
rabbits 

1 

8 

9 

1 

1 

0 


Of the 4 animals that received 6 mg copper per kg, 3 died within 
10 minutes. The fourth lived for 35 minutes. All showed the same 
symptoms: paralyses of the skeletal musculature; struggling res- 
piration, the auxiliary respiratory musculatmre being called in; 
slow, weak and irregular cardiac activity, urination. Only in a 
few cases were clonic spasms observed before the paralysis set in. 
The copper analyses carried out on some of the animals that died 
or were killed within 1 hour are given in table 4. 
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Table 4. 


Copper’content of blood and organs from rabbits hilled within one hour 
after intravenous injection of copper salts. 


No. of rabbit 

Mg Cu/kg 
injected 

Liver 
mg Gu/kg 

Kidney 

mgCn/kg 

Blood 
mg Cu/1 


Remarks 

23 

2.0 

16.3 

6.5 

30.4 


CuCL 

24 


13.9 

12.0 

27.9 

14.4 

ft 



15.3 

10.5 

20.2 

26.2 

CUSO 4 . Killed 







after 5 min. 

29 


13.8 

16.4 

21.6 

27.0 

CUSO 4 

Slean 


14.8 

11.4 

25.0 

22.8 


16 

4.0 

(8.9) 

(7.8) 

(8.4) 


CuCl, 

25 

» 

25.5 

33.0 

48.9 

33.7 

ft 

26 

1 ft 

23.0 

22.7 

46.7 

— 

ft 

30 

0 

20.5 

16.2 

31.0 

38.2 

CUSO 4 

31 

ft 

16.2 

26.7 

29.5 

33.4 

ft 

Mean 


21.3 

24.7 

39.0 

35.1 


18 

6.0 

14.1 

17.4 

29.6 

_ 

CuClj. Lived 







35 min 

27 

ft 

42.0 

51.4 

61.2 

— 

CuClj. Lived 







5 min 

32 

ft 

27.5 

28.7 

52.9 

53.9 

CnS 04 . Lived 







10 min 

33 

ft 

30.0 

32.0 

49.1 

57.8 

CUSO 4 . Lived 







8 min 

Mean 


28.4 

32.4 

48.2 

55.9 


No. of animal 

28 29 

30 31 

32 33 




Hematocrit % 

48 39 

41 47 

38 37 





The copper values obtained in the case of animals killed after 
the lapse of more than 20 hours are to be found in table 6. 

Table 6. 


Copper-content of blood and organs of rabbits hilled more than 
20 hours after intravenous injection of copper chloride. 


No. of rabbit 

Mg Gu/kg 
injected 

Liver 
mg Cu/kg 

Kidney 
mg Cu/kg 

Blood 
mg Cu/1 

2 

1.5 

26.5 

5.1 

2.7 

3 

2.0 

55.0 

5.95 

3.2 

4 

ft 

65.7 

8.75 

5.5 

5 

2.5 

46.0 

4.6 

7.1 

6 

ft 

45.5 

4.35 

1.6 

17 

4.0 

41.6 

5.2 

2.35 
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The copper-content of some organs of man in mgjhg fresh weight.^ 


Author Liver Kidney Brain 

Kleenmann and Klinke 

(1929) 2.9—12.2 6.9 

Investigators cited by 

them 1.1 — ^ 20.2 11. c 3.c — 6.8 

Tompsett (1935) and in- 
vestigators cited by him 2. 90 — 12.9 2.12 — 3.12 2.1G — 1.84 

Tung-Pi Chou and 

Adolph (1935) 18 8.2 

Hahn and Pairjian 

(1936) 0.0—17.5 6.1 

Alexander and Meyer- • 

son (1937) 10.9—11.4 

Eggleton (1940) 13 4.7 6 — 9.o 


The copper- contend of some organs of different animals 
in mg/kg fresh weight?- 


Author 

Investigators cited b)’- 
Kleinmann and Klin- 
ke (1929) 

Hahn and Fairman 

Liver 

5.3—19 

Kidney 

Br.ain 

Animal . 

Various 

(1936) 

Yosikowa (1939) 

15—23 

7.5—10 

4—11 


Dog 

Babbit 

Eden (1940) 

SArosdi (1940) 

ScHWAiBOLD and Les- 

1—5 

12 

1-5 

] — 5 

» 

Cattle 

MULLER (1941) 

0.45—12 

0.24 — 0.8 

0.3 — 0.4 8 

Various 


The copper-content of blood, serum or plasma of man in rngflitre. 

Author "Whole blood 

Kleinmann and Klinke (1929) 1.4 — 1.7i 

Earlier investigators cited by them 0.42 — 1.44 

Guillemet (1931) 

Tompsett (1934) and investig. cited by him 1.85 — 2.38 

Norinder (1939) 

Schmidt (1939) 

Eggleton (1940) l.c — 1.7 2 

Br.aun and Scheffer (1940) I.i9 — 1.57 

Kehoe, Cholak and Story (1940) 0.25 

Investigators cited by Axtrup (1943) 1.32 — 1.55 

Dahl (1943) 

Nilsson (1944) 

* For the calenlation of these values when the copper content is given in dry 
snbstanee we have used the mean values for dry substance obtained from our 
rabbits; 54 livers: 24.4 + 6.04 %, 57 kidneys: 20.2 + 3.60 % and 26 brains; 
19.0 ± 0.9 


Serum or 
plasma 

0.G2 — 2.11 
0.5G — 0.75 
1.83 — 2.45 
3.07^0.095 
1.10—1.40 


0.25 

0.7—1.38 
0.4 2 — 0.88 
0.84—1.47 
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The copper-content of blood, serum or plasma of different animals 

in mg/litre. 


Author 

Elvehjem and coll. (1929) 
GrUIELEJIET (1931, 1932) . . 

Me Earuane (1932) 

Locke and coll. (1932) . . . 

Tompsett (1934) 

Yosikawa (1939) 

Eden (1941) 


Animal 

Whole blood 

Serum or 



plasma 

Various 

0.54 

0.14 

» 

0.5 — 0.88 

0.61 — 1.4 

Pig, ox 

1.C3 — ^2.26 


Rabbit 


0.5 — 0.72 

Various 

1.39 — ^2.23 1.61 — ^2.17 

Eabbitt 

0.9 — 1.0 


Ewes 

0.5— 2.4 



It emerges from the tables that the copper-content in the brain 
and the spinal cord Avas not changed in relation to the normal 
values even by the big copper doses. This does not, however, con- 
tradict the assumption that the toxic effect of the copper may be 
due to injurj'- to the central nervous system. For as Pentschbw 
and Kassoavitz (1932) have shoAAm, Avith suboccipital injection 
of copper (II) salts only 0.01 — 0.02 mg is sufficient to take fatal 
effect. EA'-en if this amount of copper remains quantitatively in 
the brain, it is not analytically observable with the method em- 
ployed b}' us. On the other hand, the symptomatology shoAAm by 
Pentscheaa’- and Kassoaa'itz’s animals diverges from that described 
above in so far as their animals first had a period of increased 
irritability Avith conAmlsions before paralysis and death occurred. 
It thus seems more probable that the toxic effect of the copper 
after intraA’-enous injection is due to a general poisoning of the 
cells through the enzyme-inhibiting effect of the copper as a heaAy 
metal, and not to a specific central nervous effect. That the poi- 
soning sets in also in muscles has, moreoA'^er, been shown in isolated 
organs by Harnack (1874). 

The copper-content in the blood, the liA’^er and the kidneys, on 
the other hand, is strongly increased if the animal has been killed 
Avithin an hour after the injection of the copper. In blood and the 
kidneys, hoAA'ever, the copper-content sinks, so that after the lapse 
of tAventy-four hours it is practically normal. At the same time 
the content in the liAmr rises sharply, so that one finds in the liver 
between 75 and 100 % of the amoimt of copper injected, as in 
some feAV cases has been found to be the case in man (see e.g. 
Joest). 

As regards the distribution of the copper between blood cor- 
puscles and plasma, opinion is very much di-wded. Thus Elve- 
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HJEM and his co-workers (1929) state that the copper-content in 
the blood corpuscles is double what it is in plasma; and Saeata 
(1934) finds 3 — 4 times as much copper in the blood corpuscles 
as in plasma (man, horses, rabbits, cattle); while CtUillemet 
(1932), on the other hand, finds 5 — 6 times as much in plasma as 
in the blood corpuscles. Tombsett (1934), Bjerkum and Henri- 
QUES (1935) and Holmberg (1941) find an e^ual distribution. 
As the analyses in tables 4 and 6 show, one does indeed find a 
large part of the injected copper in the plasma, but also the blood 
corpuscles have taken up considerable quantities, in some cases 
even a good deal more than the plasma. In those cases in which 
the copper has been injected as sulphate, however, the copper- 
content in the plasma is always higher than in the blood corpuscles. 

As the distribution of copper between blood and tissues changes 
with the time elapsing after the injection of the copper, and as the 


Table 6. 

Copper-content of blood and organs after copper chloride injections at 
different times before death. Total dose 4 mg Ou/lcg body weight. 


Plan of injections. 


Rabbit No 

44 

48 

46 

16 

61 


45 

49 

47 

50 

52 

Time before death 

Mg of copper per kg of body weight injected 

120 minutes 

1 

4 



_ 

60 » 

1 

— 

2 

4 

— 

30 » 

1 

— 

1 

— 

4 

15 . 

1 

— 

1 

— 

— 


Analyses. 


Rabbit no. 

Liver 
mg Cu/kg 

Kidney 
mg Cu/kg 

Blood 
mg Cu/1 

Plasma 
mg Cu/1 

Hematocrit 

44 

18.3 

42.1 

35.5 

25.1 

55 

45 

13.0 

28.8 

34.4 

34.0 

53 

48 

22.7 

25.2 

27.1 

15.C 

55 

49 

21.1 

26.G 

18.5 

18.4 

57 

46 

14.0 

30.O 

43.8 

38.8 


47 

15.3 

32.8 

35.5 

33.8 


16 

(8.9) 

(7.8) 

(8.4) 

— 


50 

23.2 

31.0 

28.1 

32.6 

45 

51 

23.5 

21.0 

33.7 

35.0 

44 

52 

21.7 

.31.0 

34.8 

41.6 

42 

Mean 

19.2 

29.8 

32.4 

30.5 1 
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addition of tlie copper in several hydrocyanic acid experiments 
took place successively, a number of experiments Tfere carried out 
in V'bicb only copper was injected, but in a succession of doses at 
intervals corresponding to those used in the hydrocyanic acid 
experiments. The results of the copper analyses are given in table 6. 

It appears from this that the copper-content in the liver shows a 
considerably lower value if the injected amount of copper is distri- 
buted over several doses (rabbit 44 — 47), as occurred in the hydro- 
cyanic acid experiments, than if the whole amount of copper is 
injected at once (rabbits 48 — 52 and table 4). The copper-content 
in blood tends to show higher values in the former case. In the 
kidneys the copper-content is about the same in both series. 

Copper Treatment of Hydrocyanic Acid Poisoning. 

These experiments comprise two series. In the one the animals 
have been permitted to live for twenty-four hours or more after 
the experiment before being killed. In the other series the animals 
were killed within 15 — 30 minutes after the treatment. Also the 
rabbits that Giving to a too rapid injection of hydrocyanic acid 
or a too long delayed injection of copper did not recover, have 
been included. In the experiments in which a hyper-lethal dose of 
poison was aimed at it proved to be of particular importance not 
to hasten the poisoning too much, as it then became difficult to 
control. Apart from these “abnormal” poisonings, the experiments 
confirm, as regards the effect of the copper as an antidote, Agner’s 
result. 

The copper analyses from the series of hydrocyanic acid poison- 
ings are given in tables 7 and 8. To illustrate the course of the ex- 

Tablo 7. 


Copper- content of blood and organs of anhnak poisoned with hydro- 
ajanic acid and treated with copper injections and hilled one day or 

more after the treatment. 


Rabbit No. 

Mg Cu/]{g 
injected 

Liver 
mg Cu/kg 

Kidney 
mg Cu/kg 

Blood 
mg Cu/1 

Killed after 
days 

9 

1.4 

21.3 

3.9 

9.4 

2 

JO 

2.0 

50.4 

3.3 

1.6 

12 

11 

2.0 

29.7 

4.2 

1.05 

1 

20 

3.15 

31.2 

4.4 

1.57 

1 

22 

3.0 

48.8 

4.0 

8.6 

1 

15 

4.7 

65.2 

4.77 

3.0 

1 
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Table 8. 

Copper in blood and fresh organs of animals poisoned with hydro- 
cyanic acid, treated xuiih copper and hilled within two hours after 

the last injection. 


Rabbit no. 

Mg Cu/kg 
injected 

Liver 
mg Cu/kg 

Kidney 
mg Cu/kg 

1 

Blood 
mg Cu/1 

Plasma 
mg Cn/l 


38' 

1.8 

9.2 

9.9 

13.3 

2.58 

GuSO, 

7' 

2.0 

10.2 

8.1 

— 

— 

CuGl. 

8 

)> 

9.75 

6.3 

16.0 

— 

» 

34 

» 

16.5 

16.7 

1 23.7 

— ; 

GuSO, 

35 

1) 

12.9 

8.7 

i lO.o 

i 

t 

308 

)> 1 

19.5 

8.8 

13.8 

— 

CuGl„ 

1 

i 



1 


gnsed 

5Iean 

1 

1 

13.0 1 

9.8 

15.0 



12' 

4.0 

21.0 i 

23.0 

32.0 


CuCl. 

301 


28.8 

22.1 


— 

& 

21 

D 

19.0 

11.9 

19.5 

— 


42' 


37.0 

27.5 

28.3 

1.80 


43= 

4.2 1 

36.0 

26.0 

(71.1) 

3.78 


Jlean 


28.4 

22.2 ' 

26.0 ! 

2.82 


41' 

2.7 

26.2 

21.1 

6.0 

3.9 

CuSO, 

19' 

2.8 

24.8 

12.7 

2.1 

— 

CuCl, 

39 

2.9 

19.7 

15.0 

23.1 

5.8 

, » 

14 

6.15 

17.3 

15.4 

29.0 

— 

a 


Rabbit no. 34 35 38 39 42 43 
Hematocrit 56 60 34 46 59 49 


periments where a hyper-lethal dose of hydrocyanic acid was 
injected, the data from one such experiment are given in table 9. 

Table 7 shows that the distribution of copper after twenty-four 
hours is about the same as after the addition of copper alone (of. 
table 5). From table 8 it emerges that the acute distribution of cop- 
per in the organism is different in the case of a copper-treated 
hydrocyanic acid poisoning from that observed where only copper 
is injected. The most striking difference refers to the distribution 
of the coffer in the blood. While the pure copper injection gives an 
in the main equal distribution of copper between blood corpuscles 
and plasma (Cubiooa : Cupi = 0.77 — 1-74, mean 1.1), one finds 
after hydrocyanic acid poisoning a considerably more marked 
increase of the copper-content in the blood corpuscles than in the 
plasma, and this regardless of whether the treatment took place 


' Animal died when the copper solution had just been injected. 

• The experiment started -with light narcosis by means of Narkotal ^.A8tra». 
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Table 9. 

Babbit IS. 194S. Weight lA hg. 


Time 1 Injected HCN 

minntes j solution ml 

Injected 
CuCl. ml j 

Effect 

1 

1.0 



6 

1.0 



8 ; 

O.G 


Con'x-ulsions 

9 ' 

0.2 


Impetuous convulsions ivith 



1 

1 

tremor and n 5 ’stagmus. Af- 

j 



ter half a minute only tre- 

1 



mor 

IG i 

0.87 


Insignificant convulsions of 

' 


! short duration 



0.S3 

' Rapid irorsening. Respiration 



I irregular. Heart beats u-eak, 

i 


' frequency less than SO for 

, 


I half a minute 

21 


I Rabbit sitting upright with 



1 paws stretclicd 



. Sitting in normal position 



1.0 

1 Regular convulsions during 



1 about 10 seconds with weak 



and irregular respiration 



i and temporary slowing 



1 down of lieart frequency 

32 


i Looks normal again 

37 

0.7 

1 Violent convulsions 1 

37‘A 


1 

j Heart activit}’ immediately 



improving 

38 


■ Sitting in normal position 

Pause for 22 minutes 


68 

3.0 


Tremor, no corneal reflex. 




short erv 

71 



Respiration better. Corneal 




reflex -k 

79 

1.0 


Slight convulsions 

82 

0.8 


Convulsions. Corneal reflex -f 

85 



No corneal refle.x 

85V, 


1.4 

Respiration and heart activity 




ebbing out 

88 



Weak heart flimmer 

90 



Dead 

Totally 

11.0 

1 2.S 1 


with copper chloride or copper sulphate (Cubiooa • — 

15,2, mean 6.5). Further, the copper-content in the blood is after 
copper-treated hydrocyanic acid poisoning distinctly lower than 
it is found to be after a corresponding injection of copper alone. 
As regards the copiier-content in the liver, the case is reversed, 
so that the hydrocyanic acid poisoned animals 12, 21, 42 and 43, 
that are most closely comparable with rabbits 46 and 47 (table 
6), and 301, that should be compared Avith 48 and 49, have between 
9 — i502GG. Acta phgs. Scandinav. VoI.D. 
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30 and 150 % more copper than those animals that -were treated 
only with copper (table 10). 

The copper-content in the Iddneys shows less difference, and 
rather a tendency to lower values after hydrocyanic acid poisoning. 

Table 10. 


Copper-content in the liver after treatment. A. with copper alone and 
B. with hydrocyanic acid and copper in comparable experiments. 


A. 

B. 

Rabbit no 

mg Cu/kg 

Rabbit no 

mg Cu/kg 

44 

18.3 

12 

21 0 

45 

13.0 

19 

24.8 

46 

14.0 

21 

19.0 

47 

15.3 

41 

26.2 





37.0 



43 

36.0 

Mean 

15.0 


27.3 


Table 11. 

Copper-content in mglhg fresh organ. A: rabbits injected with CuCl^ and 
hilled within 8 hours. B: ditto but hilled after one day. C: Animals 
injected with HCN solution and treated with CuCl^y hilled within 8 hours. 
D : ditto but hilled after one day or more. 


A. No 

Cu 

B. No 

Cu 

C. No 

Cu 

B. No 

Cu 




B r 

a i n. 




16 

3.8 

2 

3.3 

7 

3.13 

9 

2.95 

18 

2.3 

3 

3.0 

8 

3.3 

10 

4.8 


4 

3.2 

12 

4.0 

11 

6.1 



5 

3.7 

14 

2.20 

15 

2.5 



6 

3.55 

301 

2.8 

20 

2.0 



11 

2.00 

19 

2.0 

22 

2.33 





21 

2.9 







308 

2.54 



Mean 

3.05 


3.2 


3.0 


3.45 



Spina 

1 cor 

d. 



16 

2.9 

2 

3.05 

7 

5.0 

9 

3.4 

18 

3.4 

3 

2.0 

8 

4.55 

10 

4.1 


4 

4.8 

12 

4.0 

11 

2.90 



5 

3.4 

14 

1.70 

15 

2.12 



6 

3.07 

301 

3.31 

20 

1.88 



11 

2.00 

19 

2.54 

22 

1.82 





21 

3.3 







308 

2.03 



Mean 

3.15 


3.3 


3.3 


2.72 
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The copper-content in the brain and spinal cord showed no signif- 
icant differences between normal animals (table 2) and copper- 
hydrocyanic acid-treated or only copper-treated animals (table 11). 

Discussion. 

As regards the minimum lethal dose, the experiments show that 
rabbits can stand 2 mg copper (II) ions per kg of body weight, 
so that the statements in the literature referring to a lower toler- 
ance-limit, i.e. greater toxicity, are probably exaggerated. As this 
dose is more than sufficient to neutralise the effect of a lethal 
amount of hydrocyanic acid, the risks entailed in the use of copper 
as an antidote to hydrocj'anic acid seem to be definitely counter- 
acted b)*- the advantages. A further consideration is that in hydro- 
cyanic acid poisoning a large part of the injected copper is bound 
in the form of a cyan-complex that owing to its low complex- 
constant can only have a negligible copper-ion effect (see table 7). 
The experiments did not afford any e\udence that the body’s own 
neutralization of hydrocyanic acid takes place with the help of 
the body’s natural supply of copper. As some other mechanism 
must be active, one ought to be able to reduce the dose of copper 
and leave the neutralization of a small part of the hydrocyanic 
acid to the body’s own natural forces (cf. Hug). If one thus reduces 
the therapeutic dose of copper to 1 rag copper per kg of body 
weight, one attains a negligible toxicity on the part of the antidote 
whilst retaining a good therapeutic effect. Experiments in this 
direction, however, have not been carried out, as the poisoning 
technique employed by us is scarcely applicable to the conditions 
that are of interest for human pathology. 

The point of departure for the determination of the copper 
distribution in cases of copper-treated hydrocyanic acid poisoning 
has been the idea mentioned in our introductory remarks, of the 
possibility of thus getting on the track of the site in the organism 
where the hydrocyanic acid takes effect. The experiments have in 
this respect led to the following result; an acute enrichnent 
of coffer takes flace in ike liver, and a relative enrichment in the 
blood corfuscles, as compared with the conditions after injection 
of copper alone. At the same time the copper-content of the blood 
is lowered in relation to corresponding experiments with copper 
alone. As the greater part of the injected amount of copper is 
found in the analyzed organs, especially in the liver, and in the 
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blood, it is probable that the quantitatively most important 
point of attack for the hydrocyanic acid is to be found in the 
liver and the blood. Since hydrocyanic acid is bound to ietri- 
porphyry enzymes, and there is a plentiful supply of catalase pre- 
cisely in the liver and the blood corpuscles (Senter 1903, v. Euler 
1934, Agner 1944), our experiments favour the assumption that 
the most important effect of the hydrocyanic acid from the quantitative 
point of vieio consists in an inhibition of the catalase. A small part 
of the hydrocyanic acid probably inhibits the catalase and other 
iron porphyry ferments (peroxidases etc.) in the other organs 
which qualitatively must be of great importance (cf. symptoms 
from the central nervous system). 

Summary, 

By means of copper analyses of blood and organs from rabbits 
that have been given intravenous injections of copper (II) salts 
in varying doses, and from rabbits that before this treatment 
have been poisoned to death with hydrocyanic acid, it has been 
shown 1. that the minimum lethal dose in the case of copper is 
over 2 mg per kg of body weight, 2. that copper is enriched in the 
liver and the blood corpuscles after copper-treatment of hydro- 
cyanic acid poisoning and 3. that the copper cyan-complex has a 
lower toxicity than copper. 

On the strength of these results it may be said that the use of 
copper (II) salts in a dose of 1 mg copper per kg body weight can 
safely be prescribed as an antidote against hydrocyanic acid ac- 
cording to Agner’s technique (intravenous injection). The toxicity 
of the copper is presumed to be due to an inhibition of enzyme- 
systems of vital importance to the organism. In the light of our 
experiments it is probable that the quantitatively most important 
mechanism of the hydrocyanic acid effect consists in an inhibition 
of catalase in blood corpuscles and liver. 
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In a previous Avork (Fischer 1941 a) tissue cells in vitro were 
shown to be unable to utilize the protein contents of dialyzed 
culture media for their own metabolism. Both the maintenance 
and the growth of the cells require the presence of dialyzable 
substances of low molecular weight. These substances are pre- 
sent in untreated serum and plasma, while they are removed 
from dialyzed serum and plasma, and hence the tissue cells will 
perish on culture media treated in this Avay. It Avas found prac- 
ticable to supplement to some extent the dialyzed media with 
fractions of acid-hydrolyzed or trypsin-digested protein. But stu- 
dies on the effect of various amino acids and mixtures of such 
showed that the mixture of ten amino acids found by Kose and 
collaborators ( 1938 ) to be necessary for the organism had no 
effect on the tissue cells grown on dialyzed media. On the other 
hand, a fairly good effect was obtained with the amino acids 
found by Bergmann and Niemann ( 1936 ) to be present in fibrin. 
Among these amino acids, cystine was found to be the one on AA'hich 
the effectiAuty of the mixture depended. VTien cystine was re- 
moved from the mixture, the entire rest Avas quite ineffective, 
whereas cystine alone had a distinct suiiplementary quality, 
Avhich AA’as further increased by addition of the rest of the amino 
acids. 
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It was found impossible with mixtures of various amino acids 
to supplement the dialyzed media to sucb an extent that they 
became as effective as the genuine, non-dialyzed media. And 
after more thorough dialysis — for removal of the remnants of the 
dialyzable substances from the media employed — , the comple- 
mentary capacity of the amino acid mixture was further reduced 
even though it was still noticeable in relation to the control cul- 
ture. It was found, however, that a boiled extract of kidney 
was able almost completely to replace the substances removed 
by dialysis (Fischee and Astbup 1942). The active substances 
present in this extract were able to stand autoclaving, and they 
were dialyzable. By fractionation, mixtures were isolated which 
in themselves were less active but still able to supplement the 
amino acid mixture of Bergmann. 

Studies on the complementary capacity of proteins broken down 
by means of pepsin and erepsin (Fischer 1942 a) indicate that the 
higher cleavage products are more effective than the lower ones 
when homologous proteins are employed, whereas the reverse 
is the case on employment of heterologous substances. 

Numerous experiments have been carried out since, in order 
to obtain suitable raw material for a more precise characteriza- 
tion of the accessory substances, and these studies will be reported 
in this paper. 


A. Technique. 

In its main featmes the technique here employed is the same as 
described previously (Fischer 1941 a; 1942 a), Fischer and Astrup 
(1942). The work was carried out consistently with double dialysis 
of the plasma and serum in order completely to avoid the effect of the 
complementary dialyzable substances present in the plasma and serum. 
The embryonic extract was dialysed only once. As a rule, periosteal 
fibroblasts were employed — from the frontal bone of 14-day old 
chick embryos. Deviations from the usual technique will be evident 
from the remarks concerning the individual experiments. 


B. Experimental. 

1. Kidney Extract. 

The previous studies on boiled extract of kidney (Fischer 
and Astrup 1942) showed that the active substances in the mother- 
liquor from the treatment with fullers earth do not lend them- 
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selves readily to further separation. The various fractions all 
turn out to be more or less active and are completed by the 
Bergmann mixtiu'e without any distinct difference between the 
various fractions. Treatment with cupric hydroxide appeared to 
be the most promising. Besides, in the complementary experi- 
ments (with addition of the Bergmann mixture) all the fractions 
had to be highly diluted in order to reduce the effect produced 
by the kidney extract alone. 

As pointed out in the work mentioned, however, fullers earth 
removes a considerable part of the active substance, especially 
when the absorption is carried out in acetic acid solution, and the 
active substance may be eluated again. We have investigated, 
therefore, whether this part might be more accessible to further 
fractionation. 

The experiments gave about the same results for the eluate 
as for the mother-liquor. None of the methods tried were found 
to be satisfactory, the active substances being distributed on the 
various fractions without any distinct separation. This may have 
been due to unserviceability of the raw material and the methods 
used, but to a large extent it may also be due to the circum- 
stance that in examining the effect of the cultures it is impos- 
sible to obtain eAmn an approximate expression for the quantity 
of the complementary substances present. On the whole, this 
circumstance introduces a serious difficulty into investigations 
of this character. Besides, the fact, that both the mother-liquor 
and the eluate from the fullers earth treatment give strongly 
active products, shows that no selective adsorption takes place. 
Furthermore, both products are fully active Avithout any addi- 
tion of the Bergmann mixture, so that no fractionation on tliis 
basis Avould be practicable either. This means that separation 
of the raw material into acth’-e and inacthm fractions is associa- 
ted with difficulties which conceivably may be due to the pres- 
ence of several components, each of Avhich exerts a complemen- 
tary action itself alone or together wdth other components. 


2. Heart Extract. 

In order, if possible, to find a less complicated raAv material 
for the production of active solution, some experiments Avere 
carried out AAuth extract of ox heart. Heart tissue is knoAvn to be 
rich in enzymes although in itself it is not an enzyme-producing 
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tissue; especially, in contrast to the kidneys, the heart does not 
take part in the amino acid metabolism of the organism. Boiled 
heart extracts vere found to have many properties in common 
with the kidney extracts — as, for instance, thermostability and 
dialyzability — and yet they prove to be of a different character, 
as they are inactive by themselves alone and become active me- 
rely on addition of the Bergmann mixture. 

V-100: 950 g chopped ox heart is boiled for 10 min. with 1.9 1 of 
water and 9.5 ml acetic acid. Left standing till next day for cooling, 
pressed through gauze, neutralized with 2-n NaOH and filtered. Con- 
tains 1.12 mg N/ml. Autoclaving. 

In contrast to the kidney extract the heart extract was but 
very little active when employed by itself alone, but highly ac- 
tive when employed together with the Bergmann mixtm'e. It 
was also active ivhen used together with a mixture of only cys- 
tine, lysine, glutamic acid, tryptophan and arginine. As in the 
kidnej’ extracts, treatment with fullers earth did not result in 
any effective separation. 


8. Red Blood CeUs. 

According to Sbarsky (1941) red blood cells contain large 
amounts of amino acids and even serve as vehicle for the trans- 
port of amino acids in the organism. With this in mind we carried 
out some experiments with extracts of red blood cells. Later, 
however, Ussing (1943) has shoivn that the increase in the amino 
acid content of these cells appears to be due exclusively to glu- 
tathione. Glutathione (10 mg in 12.5 ml physiological NaCl solu- 
tion and autoclaved) has no effect on the tissue cultures; indeed 
it is destroyed by autoclaving and hence it cannot be this sub- 
stance that constitutes the active component of the boiled ex- 
tract. 

V~S8: The blood cells from 4 1 oxalated blood are suspended in 
5 1 physiological NaCl and centrifuged. Then they are suspended in 
10 1 physiological NaCl and centrifuged. After this they are boiled 
in 3 1 water -f 50 ml 1-n HCI. This mixture becomes very thick from 
the coagulated protein. A little chloroform is added and the mixture 
is filtered in the ice-box. After 3 days about half a litre of filtrate 
has passed through the filter and is evaporated a little in a porcelain 
dish in order to remove the chloroform. Filtration. Contains O.oi mg 
N/ml. 
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Is inactive, but by addition of Bergmann mixture it becomes 
active. Its action seems identical with the action of the heart 
extract. 


4. Serum Dialysate. 

Previous orientating experiments with ultrafiltrates or dialy- 
sates of serum (Pischer 1941 a) showed a slight, but distinct, 
complementary action which was considerably less than that of 
normal serum. The explanation may be found in the relatively 
small amounts of dialysate employed and also in the fact that 
another method was used for the demonstration of this effect 
on the culture. We now took up work again with these initial 
materials, as it seemed reasonable to expect that they might 
completely supplement the dialyzed media if the dialysis in- 
volved no other processes than removal of the dialyzable sub- 
stances. It was possible, however, that the extracts and solutions 
used so far and produced by boiling, did not contain the same 
active substances as fresh serum. The extracts mentioned had a 
distinct complementary effect, especially on simultaneous addi- 
tion of the Bergmann mixture, but the growth and appearance 
of the cultures indicated that these mixtures did not contain quite 
the same substances as the genuine media, and that they were 
not able fully to replace the latter. It seemed conceivable, there- 
fore, that the active substances in serum might be of a different 
nature. In contrast to the substances in the boiled extracts, espe- 
cially kidney extract, the serum components were unable to stand 
boiling and autoclaving, — or only to a slight extent. Further- 
more, we found that it was necessary to employ far greater amounts 
of the serum dialysate than we had previously employed of boiled 
extracts or of dialysate and ultrafiltrate. Only by using an amount 
of dialysate corresponding to replacement of the total liquid phase 
in the culture with serum could the dialyzed media be fully re- 
stored. This shows that normal serum or plasma does not contain 
a particularly large surplus of the dialj’^zable components re- 
quired. 

This is quite in agreement wdth previous experiments (Fischer 
1941 a; Fischer and Astrup 1942) which show that even though 
small amounts of normal serum on addition to the dialyzed media 
are able to prevent the cells from perishing, more than one-half 
of the mixture must consist of normal serum if the growth is to 
be normal. With corresponding large amounts of dialysate, how- 
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ever, cultures are obtained -wMcb cannot be distinguished from 
the normal, neither in growth nor in appearance, and which are 
superior to the cultures obtained with the best boiled Iddnej 
extracts. The cells are vigorous, clear and growing rapidly, whereas 
the boiled kidney extracts gave cidtures with a fairly large area 
of growth, it is true, but looking very “thin” (thin and slender 
cells). 

Y-122: 400 ml ox serum (obtained by centrifuging defibrinated 
blood) is dialyzed for 3 days at 0° against 400 ml distilled water with 
addition of a little chloroform and toluene. The dialysate is evaporated 
in vacuo at a bath temperature below 40° till about 50 ml has passed 
over, for removal of the chloroform and toluene. A little sediment is 
removed by filtration. 

Y-122. J: A sample of the dialysate is autoclaved. 

Y -122.2: A sam^jle of the dialysate is made slightly acid to lithmus 
paper by means of 1-n HCl, and then autoclaved. 

Y-122.3: a sample of the dialysate is sterilized by filtering through 
a Seitz filter. 

Tested on tissue cultures the two samples sterilized by heating 
were found to be rather inactive, but the sample filtered is active. 
Even though such autoclaved samples of dialysate are not al- 
ways completely inactive, the experiment shows that serum com- 
ponents differ from the substances present in kidney and heart 
extracts. The latter rather improved on autoclaving, but of course, 
this may be due to the inhibitory influence exerted by the foreign 
proteins present before their denaturation and removal. Previ- 
ously, a dialysate of fresh, un-boiled extract of ox kidney had 
been found to be inacth'^e after sterile filtration; and this indi- 
cates that the thermostable, dialyzable components are set free 
only by the boiling and that only a very slight amount of the 
thermolabile elements are present in such an extract. Thus there 
appears to be a difference in the nature of the two types of active 
substances. Hence it may be that their effects on the tissue cul- 
ture are not identical, even though they look somewhat alike. 
This question will be dealt with further in the follovdng discussion 
of the experimental results. 

Further experiments showed that the active substances do not 
very well stand evaporation of the alkaline dialysate and that 
addition of dilute hydrochloric acid to a permanent weakly acid 
reaction, or aeration with carbon dioxide during the evaporation 
in vacuo give more active solutions. 
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V-124: 250 ml ox serum is dialyzed as above, tbe dialysate is eva- 
porated in vacuo to about ^5 volume — at a batb temperature of < 45° 
— under continual aeration witb CO,. 

V-124. i: 10 ml of V-124 is diluted to 40 ml with distilled water. 
Neutralization with 1 drop of 2-n NaOH. Sterile filtration. 

F-124.2.- The remainder of V-124, 46 ml, is mixed with 3 spatulas 
of Vranconite and 1-n HCl to a weakly acid reaction on lithmus paper 
(20 drops). After standing for 10 min., filtration. The filtrate is diluted 
with 3 volumes of distilled water. Neutralization and sterile filtration. 

V-124.3: The Nranconite sediment from V-124.2 is washed once 
with water, then suspended in 30 ml water and neutralized. Tlien 
filtered, and 1 5 ml of the filtrate is diluted to 50 ml. Sterile filtration. 

V-124. 1 is quite active on cultures of osteoblasts as well as on 
heart fibroblasts, and V-124.2 seems to be almost as effective, 
whereas V-124.3 is only slightly effective on osteoblasts and 
practically ineffective on heart fibroblasts. The franconite treat- 
ment appears not to have removed any significant amount of 
the active substances. 


5. Bottom Yeast. 

According to the above-mentioned experiences with serum dia- 
lysates, it is not sufficient merely to look for thermostable compo- 
nents, it is necessary also to look for thermolabile substances, 
and it is even to be expected that in their nature and mode of 
action these substances will be more in conformity with the ac- 
tive components present in serum. On the other hand, it is very 
impractical to use serum dialysates as the raw material for further 
investigation, since it is difficult to obtain it in large amounts, 
and evidently it does not contain the active substances in any 
particularly high concentration. Nor do the raw materials pre- 
viously employed for the production of boiled extracts seem suit- 
able. According to preAdous experiments fresh kidney extracts 
do not contain any considerable amount of the thermolabile dia- 
lyzable components, which presumably circulate with the blood 
and are taken up and retained by the cells in the various tissues 
of the organism. 

Previously, in a single experiment, Lebedew juice from bottom 
yeast showed some effect on the tissue cultures. Pronounced lique- 
faction of the plasma clot took place, however, especially in the 
immediate vicinity of the tissue cells, so that the culture soon 
perished. Presumably this liquefaction is due to proteoljdjic en- 
zymes present in the Lebedew juice. A boiled dialysate of the 
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Lebedew juice was almost entirely inactive. Our working hypo- 
thesis at that time did not suggest experiments with a non- 
boiled dialysate. But the possibility still remained that the effect 
might be due to thermolabile components, and that it would 
become more conspicuous after removal of the contents of foreign 
proteins; furthermore, it seemed reasonable to assume that the 
liquefaction, of the plasma would cease on removal of the enzymes. 
It seemed natural, therefore, to take up these experiments again 
for further study. 

V-129: 40 g of the same dry yeast as that employed in the prelimi- 
nary experiments, and which had been kept in the laboratory for about 
2 V 2 years, are mixed with 120 ml water that has been heated to 35°; 
the mixture is placed on water-bath at 35 — 40° for 3 hours with fre- 
quent stirring. On centrifuging it yields 40 ml extract. This is dialyzed 
for 2 days against 60 ml distUIed water at 0°, with addition of a little 
chloroform and toluene. The chloroform and toluene are removed 
from the dialysate by distillation on water-bath (< 45°) in vacuo 
under aeration Avith CO,. After dilution with distilled water to make 
40 ml, and addition of 4 ml of ten times concentrated Ringer solution, 
it is neutralized with 2-n NaOH. Sterile filtration. 

This solution was active on osteoblasts and heart fibroblasts. 
The activity is reduced by autoclaving but may again be restored 
somewhat by addition of the Bergmann mixture, which also seems 
to promote the action of the non-autoclaved extract. In nearly 
all the following tissue culture experiments, therefore, the various 
solutions have been tried out with an addition of the Bergmann 
mixture (designated as -{-B), 

The experiments show clearly that active substances are pre- 
sent in the sterile filtered dialysate from the Lebedew juice. Hence 
the nature of these substances is investigated further with dry 
yeast produced from Carlsberg bottom yeast as raw material. 

Dry Yeast froin Bottom Yeast: About 3 1 fresh bottom yeast is sus- 
pended in 10 1 tapwater and poured through gauze. The suspension 
is centrifuged and suspended again in 10 1 water, then centrifuged 
once more. Drying at 30 — 40°, and grinding to a fine powder in a ball- 
mill. 

7-133.2: 40 g dry yeast powder is suspended in 200 ml water heated 
to 35 ; this suspension is kept at 35 — 40° for 2 hours with frequent 
stirring, _ then centrifuged. Volume 110 ml. Dialysis against 165 ml 
water with addition of a little toluene for 2 days. Volume of dialysate 
140 ml. Contains 2.51 mg N/ml. 

7-133.21: 130 ml dialysate (V-133.2). is mixed with two volumes 
96 % alcohol. This gives a small amount of floccular sediment and the 
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mixture filters very slowly. The sediment is dissolved in 100 ml water 
filtered and evaporated in vacuo for removal of the alcohol and to- 
luene. Neutralization, dilution with water to 100 ml and addition of 
10 ml 10 X Ringer. Contains 0.13 mg N/ml. 

7-133.22: From the mother-liquor of V-133.2 1 the alcohol is removed 
by evaporation in vacuo. Neutralization and dilution to 100 ml. Con- 
tains 2.90 mg N/ml. 

While the original dialysate (¥-133.2) was rather active alone 
and even more active -fB., the precipitate was practically in- 
active (4-B). This experiment shows that under such conditions 
the active substances are not precipitated by alcohol. Still, the 
active substances are apparently not soluble in pure alcohol. On 
evaporation in vacuo to dryness of the active fraction V-133.22, 
and treatment with absolute alcohol at 60 — 70°, some nitrogen- 
containing substances are extracted, but they prove inactive 
(-f-B.). The remnant, on the other hand, is active (-^B.). Addi- 
tional experiments with alcohol precipitation of the dialysates 
(also after concentration in vacuo) show that the active sub- 
stances are soluble even in rather strong alcoholic solution. This 
implies the possibility that the proteins and other substances of 
high molecular weight present in the extracts may be removed 
by precipitation with alcohol instead of dialysis ^ — something 
that would make the initial material far more easily accessible. 
In subsequent experiments it is found that the yeast extract 
may be precipitated with 3 volumes alcohol and after filtration 
and removal of the alcohol by distillation in vacuo yield solu- 
tions which in character appear perfectly to correspond to the 
dialysates. 

The stability of the substances derived from the bottom yeast 
is in investigated further. 

7-134.1: 100 ml yeast extract (like V-133.2) is dialyzed against 
150 ml water with addition of a little chloroform. The chloroform is 
removed by evaporation in vacuo. Dilution with water to 100 ml. 

7-134.11 : 25 ml of V-134.1 is neutralized and sterilized by filtra- 
tion. 

7-134.12: 25 ml of V-134:.i is neutralized and boiled on a water- 
bath for 1 hour. Autoclaving (1 hour at 110°). 

7-134.13: 25 ml of V-134:.i is made acid to Congo red with 1-n 
HCl and boiled on a water-bath for 1 hour. Neutralization and auto- 
claving. 

7-134.U: 25 ml of V-134:.x is made strongly basic to lithmus paper 
and boiled for 1 hour on a water-bath. Neutralization and auto- 
claving. 



PROTEIN METABOLISM OF TISSUE CELLS IN VITRO. 143 

The sterile filtered extract (V-134.11) is active both on osteo- 
blasts and fibroblasts (+B.). With the other extracts the growth 
is at first fairly good, especially on heart fibroblasts, but then the 
wroAvth ceases. The substances present in these extracts are con- 
siderably more sensitive to boiling than those present in the 
extracts previously employed. In order further to establish the 
difference, an attempt is made to produce a boiled extract of 
yeast according to the method used for the production of kidney 
extracts. 

V-139: 25 g dry yeast is boiled for half an hour with 250 ml water -}- 
2 ml acetic acid. Neutralization, filtration and autoclaving. 

This extract is rather inactive on the cultures (+B.). An ordi- 
nary boiled extract, however, undoubtedly contains several pro- 
teins and other substances of high molecular weight. It may be 
that such substances have an inhibitory effect on the growth of 
the tissue cultures. Boiled kidney extract yielded a highly active 
dialysate in pre^dous experiments, and accordingly a correspond- 
ing dialysate was prepared from yeast. 

¥-140: A boiled yeast extract is produced in the same way as in 
Experiment V-139. Neutralization and filtration leave 110 ml extract 
which is dialyzed against 400 ml distilled water for 2 days. Evapora- 
tion of the dialysate in vacuo to about 100 ml. Autoclaving. 

This dialysate has no effect on the tissue cells. Thus there is a 
rather distinct difference between the active substances in the 
boiled extracts tested before and the active substances present 
in the bottom yeast. 

In order to avoid the dialysis the extracts are produced as fol- 
lows: 

7-143: 95 ml yeast extract is produced in the usual way and mixed 
with 3 yol. 96 % alcohol. The mixture is left standing a couple of days. 
After filtration, the alcohol is removed by distillation in vacuo. Neu- 
tralization and dilution to 95 ml. Sterile filtration. 

This extract is active and appears to be just as effective as a 
dialysate. 


6. Baker’s Yeast. 

After having established the presence of accessory substances 
in Lebedew juice of bottom yeast and demonstrated that these 
substances showed a far greater resemblance to the serum com- 
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ponents than the substances previously investigated, similar expe- 
riments were made with baker’s yeast, as this raw material was 
more easily obtained. We used baker’s yeast from “Dansk Ga)r- 
central” and found that the extracts from this product appeared 
in every respect to correspond to the extracts from the bottom 
yeast. On this account the baker’s yeast wms employed in seve- 
ral additional experiments. Only slight differences in the pro- 
perties of Lebedew juice produced from bottom yeast and from 
baker’s yeast were found by Lipaiann (1938). 

V-131: 250 g baker’s yeast is dried at 35°, after being broken up 
into tiny pieces. After two days’ drying it is ground in a ball-mill. 
Weight 57 g. 

A dialysate is active both on osteoblasts and heart fibroblasts 
and appears just as active as the corresponding dialysate 
from bottom yeast. 

V-154.1: From 40 g dried baker’s yeast an extract is prepared like 
that obtained from bottom yeast, cf. V-133.2. This yields 125 ml 
of extract. Addition of 375 ml 96 % alcohol. After standing till the 
following day, filtration and evaporation in vacuo. Ifeutralization and 
filtration. The filtrate is diluted to 125 ml with distilled water. Con- 
tains 1.7 9 mg N/ml. 

This extract was found to be very active on the tissue cul- 
tures (+B.). 

V-154.2: The remainder of V-154.r, i. e., 100 ml, is mixed with 
25 ml saturated HgCL solution and left standing till the next day. 
Filtration, The filtrate is treated with H^S. Filtered and evaporated 
in vacuo; then diluted to 100 ml. 25 ml is with-drawn and neutralized. 
Contains l.ii mg ml. 

Most of the nitrogen was not precipitated by the mercuric 
chloride. The extract is fairly active on the cultures (-f-B.) 
almost as active as the initial material V-154.1. 

V-lSi.s: 70 ml of ¥-154,2 are neutralized to Congo paper with 
2-n NaOH. Addition of 3.5 g. Franconite in small portions with stir- 
ring. Filtration after 16 min. Neutralization and sterile filtration. Con- 
tains 1.0 8 mg N/ml. 

Not much nitrogen was removed by this treatment, and the 
extract seemed just as active on cultures as V-154.1. Only 

very little nitrogen could be eluated from the Franconite (0.04 
mg N/ml), and the solution was inactive. 



PROTEIN METABOLISM OF TISSUE CELLS IN VITRO. 145 

Additional experiments sKowed that the solutions treated with 
mercuric chloride and Franconite undergo no change when left 
standing at 0° for 2 days after addition of dilute NaOH to strong 
reaction with phenolphtalein (Exp, 156.1). 

Under these conditions then, the active components may very 
well withstand a rather strong alkaline reaction. Ether extraction 
removed no active substances from the extract, neither from 
acid nor alkaline solution, and the top layer of ether contained 
only a small amount of nitrogen or none at all (V-156 and V-167). 
Autoclaving was injurious to the action of the extract, even 
though it did not make the extract completely inactive (-i-B.) 
(Y-157). Boiling of a solution that was acid to Congo or basic 
to phenolphtalein destroyed the activity of the extract almost 
completely (V-158, V-161, V-lBl). 

Eurther experiments were then carried out with baker’s yeast 
that had been dried rapidly at about 70°, yielding a light coloured 
product. 

Of this finely pulverized product 100 g are treated for 1 — 2 hours 
with 500 ml water at 35 — 40° and centrifuged. The extract (as a rule 
325 — 350 ml) is precipitated with 3 vol. 96 % alcohol and filtered after 
standing for 2 — 3 days. 

7 - 179 . 1 : An alcohol-treated extract of 100 g yeast is evaporated 
in vacuo till all the alcohol is gone (bath < 50°). Dilution to 330 ml. 
Neutralization with 2-n NaOH with neutral lithmus paper as indica- 
tor. Filtration and sterilization. Contains 2.co mg N/ml. The extract 
is active on cultures, both on osteoblasts and heart fibroblasts 
(+ B.). 

7 - 179 . 2 : 230 ml of Y-l79,l are treated with ll.o g. Franconite. 
Filtration (volume 210 ml). Contains 2.20 mg N/ml. As usual, not 
much nitrogen has been removed, and the activity of the extract is 
good, like that of Y-179.1. (4- B.). 

7 - 179 . 3 : 150 ml of V-179,2 is acidified with HGl to pH = 6 . 8 . 
Treatment with 1.5 g active carbon, and filtration. Contains 1.53 
mg N/ml. Evidently the carbon treatment removes somewhat more 
nitrogen than does Franconite. A sample is neutralized. It was very 
active on the cultures, like that of Y-179.2 (+ B.), so that no active 
substance appears to have been removed. 

7 - 179 . 4 : 75 ml of Y-179.3 is mixed with an additional 0,75 g car- 
bon, and filtered. Nitrogen is not removed and the activity is the same 
as before. 

7-779.5; 45 ml of V-179,3 ig acidified with 1-n HCl to pH = 3.o 
^•1 ^ treated with 2 g carbon. Filtration, neutralization and ste- 

rile filtration. Contains 0.9 6 mg N/ml. At this pH somewhat more 

nitrogen has been removed, but very large amounts are still left in the 
extract. 

10 — i50266. Acta phrjs. Scandinav. Vol. 9. 
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Thus more than one-half of the amount of nitrogen present 
in the yeast extract is found in a form that is adsorbed by carbon 
only with difficulty or not at all. The activity of the last extract 
is still good, though inferior to that of the raw material. Hence 
the active components appear chiefly to be found among the 
markedly hydrophilic and poorly adsorbable substances. 

Also larger amounts of active carbon fail to remove the active com- 
ponents of the extract (V-181: after Franconite treatment the extract 
contains 2.13 mg N/ml. After additional treatment with 2 g carbon 
per 100 ml, the extract contains 1.4 7 mg N/ml. No decrease in the 
activity (-f- B.). There is no particular difference in the amount of 
nitrogen removed by the carbon treatment between pH 3 and 7 (Y-185). 

Evaporation of the extract till it begins getting viscous and precipi- 
tation with a surplus of alcohol (5 — ^10 vol.) give two fractions which, 
according to the circumstances, differ in their activity and nitrogen 
content. If the concentrate is made strongly acid to Congo before the 
precipitation, the alcoholic solution will contain nearly all the nitrogen 
(V- 165 . 2 : 1.30 mg N/ml), while the precipitate contains but very little , 
nitrogen (V-165.3; O.is mg N/ml). The active components have re- 
mained in the solution while the nitrogen-poor precipitate is inactive. 

A less acid reaction (slightly acid to Congo) gives less nitrogen in 
the solution, more in the precipitate, and the active components are 
distributed more evenly on the two fractions (V-168.2: O.og mg N/ml; 
and V-168,3: 0.35 mg N/ml). 

On addition of acetic acid to the concentrated extract (6 ml glacial 
acetic acid to a concentrate of 200 ml extract) and precipitation with 
96 % alcohol (100 ml), the result is still less nitrogen in the solution 
and more in the precipitate.' V-181. 3 (precipitate): 0.60 mg N/ml; 
V-181. 4 (filtrate): 0.82 mg N/ml. At the same time, the solution has 
now become less active than the precipitate. 

The active components appear to be more easily soluble in 
the acid alcohol than in the more neutral alcohol. The various 
studies on the properties of the active components and the ex- 
periments on their production in more purified form might pos- 
sibly indicate the presence of a single substance or of a few clo- 
sely related substances. 


7. Barley Malt. 

Yeast extracts may contain considerable amounts of many dif- 
ferent substances which possibly are of significance to the growth, 
and this may cause difficulties in the further purification and 
eventual isolation of the substances in which we are interested. 
We have tried, therefore, to see whether we might not find the 
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same substances in extracts of germinating barley, which is very 
rich in enzymes and contains substances that are of great impor- 
tance, for instance, to the growth of yeast. 

7-176: Green malt on the 5’ day of sprouting, from the Carlsbergs 
Breiverics, is dried at 50° and ground to a fine powder. 

7-176.1: 40 g dried pulverized green malt (V-176) is stirred up in 
loo ml water (35°) for about 2 hours. Centrifuging gives 65 ml extract. 
Dialysis against 200 ml distilled water for 2 days at 0° with addition 
of a little chloroform. Evaporation of the dialysate in vacuo for removal 
of the chloroform, Neutralization. Dilution to 50 ml and sterile fil- 
tration. Contains l.i4 mg N/ml. 

This extract was active (-fB.) both on osteoblasts and heart 
fibroblasts and appeared in its action to be identical with the 
yeast extract. Thus malt extracts too contain substances which 
ma}’’ replace the factors removed from the dialyzed media that 
are necessary to the growth of the tissue cells. 

7-183.1: 200 g dried green malt powder is stirred mth 500 ml. 
water (35 — i0°) for 1 — 2 hours. Centrifuging gives 200 ml extract, 
which is mixed vith 600 ml 96 % alcohol and left standing for a 
couple of days. After filtration the alcohol is removed by distillation in 
vacuo, and the extract is diluted to 200 ml. Addition of 10 g. Franco- 
nite. Filtration. Neutralization and sterile filtration. Contains O .02 
mg N/ml. 

This e.xtract contained less nitrogen than the corresponding 
yeast extracts; yet it appeared to be rather a little more active 
on the cultures (-}-B.). The alcohol precipitation and the Franco- 
nite treatment have the same effect on this extract as on the 
yeast extract. Also treatment of this extract wdth carbon removed 
part of the nitrogen (just as in the case of the yeast extract) 
Avithout any essential reduction in the amount of active substance. 

Then experiments were carried out with dried Pilsner malt 
from the Carlsberg Breweries as raAv material. This malt, which 
was dried at about 90°, proved just as active as the green malt 
dried at a loAver temperature. 

7-186.1: 200 g pulverized Pilsner malt is stirred for 1 hour with 
500 ml water at 35 — 40°. Centrifuging gives 290 ml extract, which 
is precipitated with 3 vol. 96 % alcohol and left standing for a couple 
of days. Filtration. Distillation in vacuo to remove the alcohol from 
the extract which is diluted to 290 ml. Addition of 14.5 g. Franconite 
and filtration after standing for a short time. Contains 0.73 mg N/ml 
which is considerably less than the nitrogen content of the yeast extract 
at the same stage ■ — about one-half. 
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THs extract was very active on the cultures -(4rB.)^5CH^iSali 
extract thus appears to be au exceUent matCTiaiipriimte 
vestigation, being easily accessible, and apparentlj^contai^g.t^ 
active substances in a purer state than the yeast ,^tracfe':Hehce: 
this malt extract has been employed aa th^ -TaT^';mat4m^^ 
further experimental studies which ydU be' de^cribiiln'n" 


quent paper. 



C. 


Biscnssipn.; 



Correlation of the above-mentioned experimeiithi'resTdt&;:,'^^^^ 
our previous findings raises various problems. A few bfHhesI 
have already been mentioned (see BiscHER 1942 brand- AsThTO^ 
1943), but the present, more extensive studies have sugg&t'ed' 
some considerations which deviate jErom our, previom' wbr^g: 
hypotheses. 


The dialysis of the media employed for the tissue: culture wat. 
aimed originally at removing the amino acids present, as thehmino: 
acid contents of the blood were assumed to serve as a , source/. bf 
nitrogen for the tissue cells. It was not possible, however;,.' to .. 
compensate the dialyzed media by addition of the aminp:. acid'/ 
mixture found by Rose and collaborators (Rose 1938). .tb-:^h/C 
necessary to and sufficient for an organism, namely, the following 


acids; 


1 (-f-)-valine, (0.7 %) • 

l-( — )-leucine, (0.9 %) 

l-(+)-isoIeucine (0.5 %) / 

I (-f-)-lysine, (l.o %) 

1 (— -)-threonine [d( — )-threonine (Rose)], (O.g %) 

d, 1-tryptophan, (0.2 %) 

d, 1-histidine, (O.i %) ' 

d, 1-phenylalanine, (0,7 %) . .. 

d, 1-methionine, (O.G %) ' 

1 (-{-)-arginine, (0.2 %) • . . r.r/ ///^ 



Rose originally performed his experiments ' on ra^ .-'and ;^af-'. 
ginine was foimd necessary to the growth only, -hot to the ina^ 
tenance of the organism. In principle, subsequent.^hxperime^ 
have confirmed the original results (see, for ihstancei^OLF andK 
Corley 1938). Dogs react like rats, but othCT/^ghn^/^a^g 
require some slight change, in the amino 'acid -cbmphsiiion;;^^ 
consume more arginine and require, a, supplyrbfi/giycme^ 
and Rice 1939), whereas man is able: :ip, dp.:.yrithout fhisti^ 
(Rose, Hmnes, Johnsok and 
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From these few amino acids, then, it is possible for a %vhole 
organism to prepare all the other amino acids essential to the 
building up of the tissues. A conspicuous feature of Eose’s list 
of amino acid requirement is that it includes all tJi-e Tcnoivn, na- 
tnrally occurring, amino adds in which a methyl group occurs 
outside the straight carhon chain, namely, the following four acids: 
Leucine (a-amino-y-methyl-n-valeric acid), isoleucine (a-amino- 
^-methyl-n- valeric acid), mlhie (a-amino-j5-methyl-n-butyric acid) 
and methionine (a-amino-p-metylthiol-n-butyric acid). This means 
that the organism is unable to introduce a methyl group in a 
side chain, whereas it is able to decompose it and in this way 
build up other amino acids essential to it, so that, for instance 
the sulphur-containing amino acid cystine may be formed from 
methionine, but not vice versa (see Tarver and Schmidt 1939). 

Now the individual tissue cells in the organism are found to 
behave quite differently from a whole organism. From our pre- 
vious experiments it is evident that the tissue cells are not able 
themselves to utilize the dialysed serum and plasma proteins 
as a source of nitrogen for their nutrition. Nor does the amino 
acid mixture given by Eose enable the cells to live and grow 
on the dialyzed media. The indhddual tissue cells require sources 
of nitrogen that are quite different from those required by the 
organism as a whole, and they are not able to utilize the acids 
given by Eose, -In the organism the Eose mixture of amino acids 
serves as raw material for the production of substances which 
may be utilized by the indiiddual cells in the organism. Hence 
certain organs, presumably the liver, must contain cells that 
are able from the synthetic diet given by Eose to form the nitro- 
gen-containing nutrients required by the other cells of the orga- 
nism. 

Now the question arises: "\^Tiich substances are so essential to 
the individual tissue cells that their absence means the death of 
the cell? 

Primarily numerous other amino acids have been tried out in 
this respect but without satisfactory result. Glycine appears in- 
effectiv'e, and the same applies to all the other acids tried except 
for cystine, which showed a slight effect. Altogether a number of 
amino acids have been tried without the cells being able to live 
and grow as on non-dialyzed media. (Several of the amino acids 
were kindly placed at our disposal by Hoffjiann-La Eoche & 
Co., Basel), 
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Some effect was obtained with amino acid mixtures resulting 
from decomposition of proteins by acids or enzymes, but tbis was 
due almost exclusively to the almost insoluble cystine-containing 
fraction. The amino acid mixture wbicb was found most effective 
bad tbe composition given by BERGMAJfE and Niemaee (1936) 
for fibrin. Here, too, cystine was the decisive element. Without 
cystine the rest of the mixture was ineffective and the same was 
the case when d-cystine was substituted for I-eystine. Among 
the rest of the amino acids most of them could be omitted without 
affecting the action, and only lysine and glutamic acid increased 
the effect of cystine to some degree. The presence of methionine 
in the mixture did not compensate for an absence of cystine. 
Denatured or hydrolyzed proteins were able, apparently, in part 
to replace cystine, even though the products were prepared from 
proteins which had been dialyzed beforehand. 

I'rom these results it was evident that the amino acid and froiein 
metabolism of a tissue culture coxild not he consistent ivith that of 
a whole organism as established by Rose’s investigations. It would 
be necessary, therefore, to look elsewhere in order to explain the 
assimilation by the individual cells of the nitrogen-containing 
elements required for the building-up of the cell, as these elements 
had to be made available in the organism in some way other than 
by the supply of an amino acid mixture of simple composition. 

The organism must be able, from the amino acid mixture supplied, 
to provide other substances absolutely necessary to the vital functions 
of the individual cell. 

In this connection, one would naturally remember the transamina- 
tion process discovered by Brauxsteen and Kritzmann (1937). In 
this process, in the presence of the enzyme transaminase (or amino- 
pherase), glutamic acid serves in transferring an amino gronp to a 
ketonic acid (pyruvic acid). The organism is able in this manner to 
produce other amino acids required by it. This agrees very well with 
our observation that the presence of glutamic acid increases the effect 
of cystine on the tissue cells. Yet, according to Bose, glutamic acid 
is not an amino acid required by the organism and thus it has to be 
formed by the organism itself. Not all amino acids are equally able 
to take part in this transamination process (Cohen 1910), and_ lysine 
does not take part in it at all, which explains very well vhy this acid 
is found among the essential amino acids of Bose, and our finding 
that it promotes the effect of cystine on the tissue cultures. As yet, 
however, we have no adequate explanation as to why cystine occu- 
pies a keystone position. 

The transamination process appears not to be a sufficient basis for the 
supply of nitrogen-containing nutrients to the cells — not only because 
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all amino acids do not take part in tke process, but also beeause even 
tbe most variegated mixtures of up to 20 amino acids have failed to 
produce normal groirtb of tbe tissue cells. Therefore tbe important 
point probably is not tbe question of tbe supply of a more or less suffi- 
cient amino acid mixture, but of more specific substances, possibly 
of an entirely different type. In tbe intermediate nitrogen metabolism 
tbe plasma proteins have been found to play a considerable role. This 
bas been established especially through investigations carried out by 
■Whipple et al. and Schoenhelmer et al. 

Whipple has shown (see JIadden and Whipple 194.0) that dogs 
may be kept in nitrogen balance by intravenous administration of 
plasma proteins, which means that these proteins may be utilized di- 
rectly in the intermediate protein metabolism and need not first be 
broken down into amino acids in the digestive tract. Whipple assu- 
mes, therefore, that the plasma proteins may be utilized directly by 
the individual cell in the organism without preliminary degradation. 
This is not in accordance with our investigations, however, which 
show that the cells are not able to utilize the dialyzed plasma proteins. 
But perhaps the conditions in a whole organism arc different in tliis 
respect — a question to which we shall return later, 

Whipple found that cystine is of particular significance to the 
formation of the plasma proteins and that in this respect it cannot 
be replaced fully by methionine — ^ which appears to be in agreement 
with our findings concerning the significance of cystine. He arrived 
at the re.=ult that, in contrast to the assumption of classical physiology, 
the plasma proteins do not remain in a static unchangeable state, 
having merely physico-chemical and immunological functions to per- 
form in the organism, but that a very rapid exchange takes place 
between the proteins of the plasma and the tissue, thus establishing 
a dynamic balance. On this very account, the physiological function 
of the plasma proteins is assumed to be largely that of playing a role 
in the intermediate protein metabolism. 

The views advanced by Whipple have been confirmed and ampli- 
fied most beautifully by Schoenheimer et al. (cf. Schoenheemeb and 
Hm'ENBERG 1940 and Schoenheimer and Eatnee 1941) in studies 
on amino acids and proteins containing isotopes. These authors foimd 
that in the living organism a rapid exchange takes place between the 
various proteins, and that particularly the plasma proteins take part 
in it. On the whole, the proteins of the organism exchange much more 
intensively with the nutrients supplied than was imagined according 
to the classical physiology, and the living tissue is in constant activity 
in order to maintain its structure. There is an uninterrupted process 
of desamination and rearaination, and the dicarbonic acids play a 
special role, participating especially in the nitrogen exchange. Lysine, 
on the other hand, does not take part in the transamination (Weiss- 
MAN and SoHOENHEiMEE 1941). Also the carbon skeleton of an amino 
acid in a protein may be exchanged with the carbon skeleton of an 
amino acid supplied. This is evident especially from studies on 1{ )- 
leucine reported by Sohoenheimee, Eatnee and Eittenbebg (1939) 
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but the mechanism of this procesais still obscure. Thus the intermediate 
amino acid metabolism is quite extraordinarily intensive in the livintr 
organism. ° 

All the investigations mentioned (Eose, Whipple and Schoex- 
miMER) concerned the amino acid absorption and protein metabo- 
lism in a 'loliole, living, organism, and they were not able to say anything 
as to how the individual cell in the organism absorbs and synthesizes 
its proteins. They have shown, however, that the plasma proteins 
may play a special role in this metabolism. Tissue culture experiments 
ought to be suitable for the solution of this problem, but as late as 
in 1936 Alcock said: "The tissue culture, the only case of protein 
synthesis under any measure of control, carries out its work as secretl}- 
as the whole animal, and has so far yielded no information”. 

The difficulties one encounters in such work are evident already 
from a previous work (Fischer 1941), and here it will suffice to mention 
that two tissue factors were found to be required for the groxeth of 
the cells in the plasma medium. One is a non-dialyzable protein-like, 
very thermolabile growth substance which we have called “embryonin” 
(Fisc:her 1941 b; Fischer and Astrup 1943). Only a very slight 
amount of this substance is present in plasma, and usually it is added 
to the tissue culture in the form of an embryonic extract. 

"While "embryonin” appears not to be necessary to the maintenance 
of the life of the cells but merely to their multiplication, the plasma 
contains some dialyzable, rather thermolabile factors which arc ne- 
cessary also if the cells are to be kept living. Normally these substances 
are present in the plasma in sufficient amounts to allow embryonin 
to exert its growth-promoting effect freely. But if they are removed 
from the plasma by dialysis the cells will soon perish, irrespective of 
the presence of salts, glucose and embryonin. 

In view of what has just been said about the active part played 
by the plasma proteins in the intermediate metabolism, this observa- 
tion is surprising, as the cells have an excess of plasma protein at their 
disposal. But evidently the cells are not able to utilize these substances 
under the experimental conditions. 

Our problem may therefore be divided into two questions: 

1. Are the plasma proteins of no direct significance to the 
nutrition of the cells, the cells utilizing the dialyzable factors 
of low molecular weight in the plasma? 

2. Or do the dialyzable accessory substances of low molecular 
weight enable the cells to utilize the plasma proteins? 

1 . 

It would be natural to assume that the cells utilize the amino 
acids of the blood and that it is the absence of these acids in the 
dialyzed media that prevents the cells from growing. At first 
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this idea -was the, guiding principle of our studies. In this -way 
the absorbed nitrogen-containing food might be distributed through 
the blood stream as amino acids to the individual cells and here 
utilized in the formation of the cell’s ovrn proteins. 

As mentioned, however, it has been impossible for us to find 
an amino acid mixture that was able completely to re-establish 
the normal nutritional properties after the medium had been 
dialyzed. Still, some amino acids — especially cystine, but also 
glutamic acid and lysine — had a pronounced effect in this res- 
pect. 

This effect was most conspicuous, however, when the medium 
was dialyzed merely to a moderate degree, whereas it almost 
failed to appear when the dialysis was more complete. Nor did 
the addition of various vitamins {\dtainins C, and Bj, panto- 
thenic acid, nicotinic acid) or other growth substances (biotin, 
mesoinosit, /3-alanine), with or without simultaneous addition of 
the Bergmann amino acid mixture, give any additional increase 
of the growth in the presence of embryonin { in the form of dia- 
lyzed embryonic extract). 

As already stated, the plasma proteins appear to play a special 
role in the protein metabolism of the organism; through the 
capillary network these proteins are indeed made available to 
all the cells in the organism. All cells excert further a thrombo- 
plastic effect and make the fibrinogen of the blood plasma coa- 
gulate on their surface. One of us has already advanced the hypo- 
thesis that fibrinogen (and fibrin) are of particular importance 
to the nutrition of the cells (Fischer 1936). Subsequently we 
found that this idea had been advanced by Nolf as earh’’ as in 
1913. 

A thin layer of fibrin and possibly other denatured proteins 
will be found on all cellular surfaces. These proteins may be split 
by the proteolytic enzymes present in the plasma or on the sur- 
face of the cell. The cleavage products thus produced may dif- 
fuse into the cell and be utilized by it to build up its own proteins. 
It may be that the composition of fibrin is particularly suited for 
nutrition of the cells, and for this reason we tried the amino 
acid composition given for fibrin by Bergmann and Niemann 
(1936). According to the findings reported by Schoenheimer, 
Ratner, Bittenberg and Heidelberger (1942) there does not 
seem to be any particular difference in the tendency of the var- 
ious plasma proteins to exchange amino acids with the organism. 
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It lias to be pointed out, however, that in this respect the diffe- 
rent cells may behave individually. 

If the amino acids or similar substances of low molecular weight 
present in the blood serve as elements for the building up of the 
proteins of the indmdual cells, there must be a mechanism which 
regulates the amount of each one of the necessary amino acids 
present in the blood, in order to prevent a fall below a certain 
limit. This means that each acid has to be made available, and 
its amount regulated, independently of the other amino acids. 
It is obvious that this requires a very intricate mechanism in 
the organism. 

Matters are different, however, if fibrinogen (and possibly 
other blood proteins) serves as a source of amino acids. The com- 
position of fibinogen, then, may be of such a character that it 
includes the necessary components in favourable proportions — 
as already suggested in a previous work (J'ischer (1941 a). In 
this case only one single mechanism is required to build up and 
break down the fibrinogen and regulate its concentration. In 
this way the whole matter becomes very much simplified. As 
a matter of fact, this principle is not unknown in the organism. 
In the nutrition of the infant the casein formed by the mammary 
glands actually serves as the source of amino acids, and it might 
just as well be replaced by a mixture of the free amino acids, 
since — unlike the other proteins of the organism — it is only 
a nutrient and serves no other purpose (enzymatic or structural). 
It is a far more simple task to regulate the formation and con- 
centration of a single substance of an established constitution than 
to regulate the amount of each amino acid entering into the com- 
position of this substance. 

Accordingly, even though the amino acid content of the blood 
appears to be constant, it may not be an expression for a real 
regulatory mechanism, as is the glucose content. On the contrary, 
the presence of the amino acids may be interpreted as an image 
of the processes of decomposition and synthesis taking place in- 
cessantly in the organism, being thus an expression for a dynamic 
balance between these processes, not for a statically maintained 
state. Naturally the composition of the blood will reflect these 
processes. As the blood flows past all the cells of the organism, 
it will also take up some of the cleavage products from the pro- 
teolytic processes in the fibrin clots on the surface of the cells 
even though these substances possibly are formed for the use of 
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the cell concerned. A part of these substances diffuses into the 
cell, but another part diffuses out of the clot and enters the blood 
stream. The amino acids -thus taken up by the blood may in the 
liver be resynthesized into plasma proteins — together with the 
amino acids supplied to the liver by the nutritional elements 
absorbed from the digestive tract. 

2 . 

So far, however, it has been impossible to find an amino acid 
mixture, on which the cells grow satisfactory in the dialyzed 
media, and the amino acids examined have thus not been able 
alone to serve as adequate nutrients for the cells. One might 
imagine that the splitting of the proteins into substances of low 
molecular weight does not proceed to the amino acid stage, and 
that various polypeptides serve as food for the individual cells. 
Indeed, more recent investigations — e. g., Godpeied (1939) — 
have shown that the circulating blood also contains small amounts 
of polypeptides. Naturally, this polypeptide content may be looked 
upon in the same way as the amino acid content, namely as derived 
from enzymatic processes on the surface of the cells. 

Experiments with solutions produced by treating dialyzed pro- 
teins with pepsin and erepsin (Fischer 1942 a) show that homo- 
logous proteins which are not quite broken down have a greater 
effect than the smaller cleavage products. Also extracts obtained 
by boiling of kidney yield a considerably better growth (Fischer 
and Astrup (1942). Fractionation experiments with the last-men- 
tioned product gave unsatisfactory results, however, as it was 
found that the activity was not associated with certain fractions 
alone but was distributed throughout all the products. The ex- 
periments with kidney extracts were further complicated by the 
circumstance, that the cultures, after growing on the extracts 
the amino acid mixture for some length of time, proceeded to 
grow even if one of these components was removed from the 
mixture. While these findings cannot be explained for the present, 
they remind of analogous experiences — for instance, in studies 
on the growth substances of yeast, especially pantothenic acid 
(Williams, Eaiqn and Snell 1940). As shown by the present 
studies, boiled extracts from other organs (heart, blood corpuscles) 
failed likewise to give satisfactory results with regard to fractio- 
nation; nor did their effect fully correspond to that of the genuine 
media. 
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3 . 

As we did not fully succeed in composing a nutrient mixture 
for tlie cells to replace the substances removed by dialysis, the 
problem bad to be approached in some other way. Conseguentlv 
the active substances present in serum dialysate were investiga- 
ted more thoroughly. These substances were found to be far more, 
sensitive, especially more thermolabile, than the substances pres- 
ent in the boiled extract, and thus it was ascertained at once 
that they must be of a nature quite different from that of the 
substances investigated so far. 

Further studies established with certainty that they were dif- 
ferent from the previous boiled extracts; they also showed, that 
substances with corresponding properties could not be isolated 
from fresh kidneys. But even in plasma and serum the amoimts 
of thermolabile substances were rather small. On the other hand, 
substances with the same properties were found in abundance in 
yeast and malt, and more thorough investigations showed more 
and more distinctly the difference between the new substances 
and the components of the boiled extracts. Tlie new substances 
are very hydrophilic and are adsorbed only with, difficulty by 
fullers earth and active carbon. In many respects their proper- 
ties remind one of the so-called “filtrate factor” which subse- 
quently proved to be pantothenic acid. But, as pantothenic acid 
(obligingly furnished us by Dr. Niels Nielsen, Copenhagen) is 
inactive, the properties of the extracts cannot be due to this 
substance. 

The occurrence of substances essential to the maintenance and 
growth of animal tissue cells demonstrated in products from yeast 
and barley malt is significant and indicates a universal distribu- 
tion and importance of the substances concerned. One might 
imagine that some of the known co-factors present in yeast ex- 
tracts were responsible for the effect, but we have not been able 
to obtain satisfactory results in experiments with cocarboxylase 
and cozymase.^ A few orientating experiments with, other plant 
extracts have also been made. Oat, barley and potato appear to 
be quite inactive in this respect, while kale was only slightly 
active and did not give normal cells. So it may be that the active 
substances are present only in certain cells and only under special 
conditions, presumably in growing cells. 

> Our thanks are due to Prof. Hans von Edleb, Stockholm, for his kind 
assistance. 
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The presence iu yeast of substances promoting the growth of animal 
cells has so far been racutioneci only by Heaton (1926). He used 
an inadoq[uato technique, and his results require confirmation. We 
have treated dried yeast with alcohol in order to obtain active sub- 
slanccs. But neither c-xtraction with 96 % alcohol at room tempera- 
ture nor at the boiling point gave active extracts. 

Plant extracts (germinating maize) have been investigated by Paul- 
MANK (1937) who reported that his extracts had a growth-promoting 
effect resembling that of the embryonic extract, erabryonin. He added 
but small amounts of extract, and the substances he obtained are far 
more likely to bo of the type we have investigated, which require 
the presence of embryonin to exert any growth-promoting effect 
on which account we always work with addition of an excess of dialyzed 
embryonic extracts, Paulsiann (1939) has later reported investiga- 
tions of the chemical properties of the active c.xtracts. In contrast 
to our substances they appear to be precipitated in 50 % alcoholic 
solution in the pre.soncc of proteins. After drying, however, they dis- 
solve in 50 % alcohol. So the effect of Paui.aiann’8 extracts might 
perhaps become more pronounced if the extracts were examined on 
dialyzed media with the aid of our technique. 

It may be mentioned that, in addition, Heaton (1926) and Med- 
AWAR, lioniN.soN and Robin.son (1913) found also growth-i«7i/5i7ory 
substances in yeast and malt. 

In the present work we took it for granted that the active 
substance.^ in quc.stion would .supplement the nutritional quality 
of the medium in the form of a more or less complete amino acid 
mixture and that it might be a question of a simultaneous effect 
of several components. A.s a rule, therefore, we have ahvays checked 
the action of the extracts by simult.aneous addition of the Berg- 
mann mucturc to the cultures. Also the findings with boiled ex- 
tracts of kidney and lieart and of the 2)rotein hydrolysates indi- 
cate that they act as a supplementum to the amino acid mixture 
added, the cyi;tine content of the mixture apparently being of 
importance. A.s a rule, however, the untreated extracts were also 
quite active in the absence of the Bergmann mixture, whereas 
it was possibly by fractionation to obtain some products, the 
action of which was greatly promoted by the Bergmann mixture. 
These findings, together with the fact that all the solutions ob- 
tained by fractionation of the boiled extracts proved to possess 
some acti\'ity, e.specially in connection with the Bergmann mix- 
ture, seem to indicate the presence of several substances, which 
arc able to replace nutrients normally used by the cells. 

Apparently, however, the situation is quite different with the 
incompletely thermostable substances obtained from the serum 
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dialysates, yeast and malt. The fractionation experiments in- 
dicate that Tve are here dealing Avith a single substance or with 
a few closely related substances, since it was possible to preserve 
the full activity in some of the solutions by the fractionation,, 
whereas the others proved almost completely inactive even in 
the presence of the Bergmann mixture. The purified extracts, 
moreover, were found to be fully acth’-e in the absence of the Berg- 
marm mixture. Also the universal distribution of the active prod- 
ucts indicates that it may consist of a single or a few components, 
since it is difficult to imagine how a complex nutrient mixture, 
acting on animal tissue cells, might be so widely distributed in 
nature and preserve its complexity even after repeated chemical 
treatment. 

Another fact illustrates the difference betAveen the effect of 
the thermostable, boiled extracts and the thermolabile elements 
of the serum dialysate, yeast and malt. With the last-mentioned 
substances it was possible to obtain tissue cultures which in their 
growth and appearance were equal to normal cells grown in ge- 
nuine media; moreover, this was true also of the preparations 
obtained by fractionation. In contrast, it was not possible with 
the boiled extracts and protein hydrolysates to obtain cells which 
corresponded morphologically to the normal. Sometimes the area 
of growth was satisfactory — and this was particularly the case 
when using Iddney extract — but the morphological appearance 
of the cells always indicated a growth that was not quite normal. 
The cells were thin and slender and showed marked granulation 
and pronoimced vacuolization. 

Differences in the effect on the tissue cultures may thus point 
to the existence of two different kinds of active extracts. As a 
matter of fact, there are also two fundamentally different possi- 
bilities of inducing a natural growth of the cells on the dialyzed 
media. 

The first of these possibilities consists in finding a nutritional 
mixture which completely compensates for the mixtxirc taken 
up by the cells under normal conditions. This is the possibility 
we have used as a working hypothesis in the past, although it 
has not yet led to fully satisfactory result. 

The second possibility is to enable the cells to utilize, the dia- 
lyzed plasma proteins as a source of the necessary amino acids, 
a possibility which has been discussed briefly in a previous paper 
(Fischer and Astrue 1942). 
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Here the question is: Do the cells under normal conditions 
utilize only the dialyzable substances present in the circulating 
blood, or do the cells themselves produce the required amino 
acids by splitting the plasma proteins? In the latter case, certain 
dialyzable substances must be present to enable the cells to per- 
form the required decomposition of the plasma proteins. 

Of course, it vdll be very difficult to find the proper compo- 
sition of the food for the cells if this should consist exclusively 
of various elements of low molecular weight which diffuse into 
the cell and are consumed by it. It is not to be expected that the 
composition of the food for the individual cells in this respect 
will be just as simple as that for the whole organism, because 
the complete animal organism has several means of transforming 
the food-stuffs, at its disposal which the individual cell is lacking. 
Indeed our experiments have shown that the diet, which accor- 
ding to Eose is sufficient for the maintenance of the whole orga- 
nism and for keeping it growing, is quite inadequate for the in- 
dividual tissue cells. 

The matter is simple, however, if the cells may be able to 
utilize the plasma proteins, and, as mentioned already, some e^d- 
dence makes it rather probable that the plasma proteins actually 
serve as the means of making the required amino acids available 
to the individual cells. However, tissue culture experiments show, 
too, that the dialyzed proteins cannot be utilized as such, but 
that the presence of certain components of low molecular weight 
normally found in the blood plasma are required. It may be that 
this requirement involves merely a single component, and the 
experiments with yeast and malt extracts indicate that we meet 
with the same substance here. If so, the problem will be limited 
to that of looking for this component, which evidently serves 
as activator for certain systems of enzymes. 

That this may be the case is, inter alia, e\ddent from the 
fractionation experiments wliich do not .indicate that a mixture 
of many, widely different nutrients is to be taken into considera- 
tion. It must be taken for granted, however, that the amino 
acid mixture, found by Eose to be the minimum of amino acids 
required by a whole animal organism, must be necessary also 
to the life of the individual cell. But as the amino acids of this 
mixture are not supplied to the cultures, and the growth never- 
theless is normal when yeast and malt extract are added, even 
when these extracts have been submitted to further purification. 
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the only possibility would seem to be that the cells are able them- 
selves to get these amino acids by cleavage of the available dia- 
lyzed proteins. The substance looked for does not seem to be a 
supplementary nutrient, but rather a factor necessary to the 
utilization of the plasma proteins by the cells; and the conditions 
in the tissue cultures appear here to reflect the conditions in the 
living organism, vrhere the same mechanism has to be assumed 
to be at ■work. 

Such a condition is not new, however, Sperry and Eettger 
(1915) having found that pure proteins are not attacked by 
putrefying bacteria, and that products of low molecular weight 
must be present to enable the bacteria to attack the proteins. 


Summary. 

1. In continuation of our studies on the dialyzable substances 
required for the growth of animal tissue cells, extracts prepared 
from kidney, heart and blood corpuscles have been investigated. 
The experiments indicate that the active substances present in 
these extracts are not of the same character as the substances 
present in the genuine media, since the former cannot complete- 
ly replace the latter. 

2. Dialysates of blood serum are found to contain active com- 
ponents which cannot stand boiling. Similar substances are found 
in extracts of yeast and barley malt, 

3. While the boiled extracts appear to contain a mixture of 
various nutrients, the active extracts of yeast and malt appear 
to contain only one or a few closely-related substances which 
probably serve as activators for the utilization of the plasma 
proteins by the cells. 

4. These thermolabile accessory growth substances appear to 
be of a highly hydrophilic character as their adsorption from an 
aqueous solution is difficult and they are insoluble in pure orga- 
nic solvents. On the other hand, they are soluble in dilute alco- 
hol. They are not precipitated by mercuric chloride at neutral 
reaction. 

5. The significance of these findings to the understanding of 
the protein metabolism of the tissue cells is discussed. 



PKOTEIK METABOLISM OF TISSUE CELLS IK VITRO. 161 

The studies here reported have been carried out with the aid 
of grants from the National Association for the Control of Cancer, 
King Christian X’s Foundation and Danmarhs tehnishe HojsJcoles 
Fond for tehiish Kemi. 


References. 

Astrup, T., Eemisk Maanedsblad 1943. 2d. 133. 

Bergmank, M., and C. Niemank, J. Biol. Chfem. 1936. 115. 77. 
Braunsteik, a. E., and M. G. Kritzmajs^n, Bnzymologia 1937. 2. 129. 
CoHEK, P. P., J. Biol. Chem. 1940. 136. 565. 585. 

EisoheRj a., Hospitalstidende 1936. 79. 841. 

Eischer, a., Acta Physiol. Scand. 1941 a. 2. 143. 

Eisoher, a., Ibidem 1941 b. 3. 54. 

Eischer, a., Ibidem 1942 a. 4. 207. 

Eischer, a., Natur\vissenschaften 1942 b. 30. 665. 

Eischer, A., and T. Astrup, Pfliig. Arch. ges. Physiol. 1942, 245. 633. 
Eischer, A., and T. Astrup, Ibidem 1943. 247. 34. 

Godfried, E, G., Biochem. J. 1939. 33. 955. 

Heaton, T. B., J. Path. Bact. 1926. 29. 293. 

Ltpmann, E., C. r. Lab. Carlsberg, Ser. Chim. 1938. 22. 317. 

Madden, S. C., and G. H. Whipple, Physiol. Bev. 1940. 20. 194. 
Medawar, P. B., G. M. Robinson, and B. Robinson, Nature 1943. 

151. 195. (Chem. Zentralbl. 1943 I. 2600.) 

Nolf, P., Ergebn. Med. Kinderheilk. 1913. 10. 334. 

Paulmann, E. K., Arch. exp. Zellforsch. 1937 . 20. 253. 

Paulmann, E. K., Biochem. 1939, 300, 153. 

Rose, W. C., Physiol. Bey. 1938. 18. 109. 

Rose, W. C., and E. E. Rice, Science 1939. 90. 186. 

Rose, W. C., W. J., Haines, J. E. Johnson, and P. T. Warner, 
J. Biol. Chem. 1943. 148. 457. (Chem. Zbl. 1944 1. 23) 

Sbabsky, B., Enzymologia 1941. 9. 302. 

ScHOENHBiMER, R., and S. Ratner, Ann. Rev. Biochem. 1941. 10. 197. 
ScHOENHEBiER, R., and D. Rittenberg, Physiol. Rev. 1940. 20. 218. 
ScHOENHEiMER, R., S. Ratneb, and D. Rittenberg, J. Biol. Chem. 
1939. 130. 703. 

ScHOENHEiMER, R., S. Ratner, P. Rittenberg, and M. Heidel- 
berger, j. Biol. Chem. 1942. 144. 541. (Chem. Zbl. 1943 I. 1072.) 
Sperry, J. A., and L. E. Rettger, J. Biol. Chem. 1915. 20. 445. 
Tarver, II., and C. L. A. Schmidt, Ibidem 1939. 130. 67. 

UssiNG, H. H., Acta Physiol. Scand. 1943. 5. 335. 

Weissman, N., and R. Schoenheimer, J. Biol. Chem. 1941. 140. 
779. 

AVilliams, R. j. AV., R. E. Eakin, and E. E. Snell, J. Amer. Chem. 
Soc. 1940. 62. 1204. 

AA''olf. P. a., and R. C. Corley, Amei. J. Physiol. 1939. 127. 589. 


11 — i50266. Acta phys. Scandinav. Vol.9. 



From the School of Dentistry and the Zoophysiologicnl Laboratoiy, 

Copenhagen. . ‘ ’ 


Treatment of Saliva Samples used for 
Calcium Analysis. 

BODIL SOHMEDT-NIELSEN. 

Received 24 October 1944. 


When calcium is determined in an organic fluid, like saliva, 
questions about the preliminary treatment arise: 1. Must epithe- 
lial cells and other debris in the saliva be removed by centrifu- 
gation before the analysis? 2. Is it necessary to remove the pro- 
teins (by ignition or by precipitation)? 

For serum the necessity of deproteinization has been discussed, 
and many investigators (see Becks and Wainwbight 1934, p. 
391) have found that the recovery of calcium is satisfactory with- 
out preliminary deproteinization. Van Slyke and Sendeoy 
(1929) however have shown that too low results will be obtained 
(5 to 15 per cent) if the proteins are not removed. They have also 
shoAvn that the deficit was due to non precipitated calcium. In 
spite of these results calcium determinations are still most com- 
monly carried out without deproteinization. (e. g. Rappapobt 
1933, Laksson and Greenberg 1938, Sober and Sober 1939) 

Former investigators have treated the saliva in many diffe- 
rent ways. As an example Signs Jonsgar (1937) has removed the 
proteins in saliva from adult persons (by ashing) but the saliva 
from children she centrifuged as a preliminary procedure. The 
deproteinization has been used by most former investigators. 
Becks and Wainwbight (1934) have published an extensive cri- 
tique of the literature with references to the calcium content 
of the saliva. From this paper it is seen that among the investi- 
gators only one (Becks 1929) has used prebminary centrifuging, 
while preliminary deproteinization has been used by several. 
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Becks and Wainwkight are of the opinion that both preliminary 
centrifuging and deproteinization are necessary. They have found 
liigher calcium values Avhen the samples are not centrifuged, 
and they conclude that the higher results are due to calcium con- 
taining “debris” (such as cells or food remnants). About the pre- 
liminary centrifuging they say; “This procedure is necessary, de- 
spite possible loss of calcium — a loss that should be negligible 
and of less serious consequence than the high values resulting 
from presence of debris, etc”. 

Own Investigations. 

On account of the divergence in the 02 )inions, the author has 
wanted to study the following problems: 

1) Is there any difference in the analytical results obtained from 
fresh saliva and from saliva stored for 24 hours? 

2) What is the effect of deproteinization or centrifuging of the 
saliva before the analysis is carried out? 

Jlixed saliva (produced by chewing paraffine) has been used 
for the investigation. The calcium determinations are carried out 
according to the method described in the following paper. De- 
jiroteinization has been carried out with trichloracetic acid. (In- 
vestigations have shown that removal of proteins by ashing and 
jjrecipitation by trichloracetic acid give the same results.) 

In fig. 1 the results of the investigations are given. Saliva from 
three persons. A, B and C has been used. Each figure represents 
the average of two parallel analyses. The percentage error of a 
single calcium determination is 0.7. 

The preliminary treatment of the saliva samples can be seen 
from the figure. The saliva can be centrifuged or not centrifuged, 
deproteinized or not deproteinized, analysed immediately after 
the secretion or stored for 24 hours at 5°, 26° or 37°. 

It will be seen that: 

1) The storage has no influence upon the results when the sa- 
liva is not centrifuged but deproteinized before the analysis (after 
the storage). 

2) When the saliva has not been deproteinized the results, in 
nearly all cases, will be a little lower than those from deproteini- 
zed samples (from 0 to 4 per cent). This perhaps is due to protein 
combined calcium. 
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Fig. 1. The influence of different preliminary treatments of saliva samples upon 
the results of calcium analyses. Samples from three persons, A, B, and C. 

Ordinate: mg Ca per 100 mi saliva. 



3) When the saliva has been stored the centrifuging has a 
considerable influence upon the results. If the saliva sample is 
quite fresh, the centrifuging seems to have no influence. If the 
saliva has been stored for some time the results will be remark- 
ably lower, and the deficit will increase with increasing tempera- 
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Fig. 2. The influence of different preliminary treatments upon a sample of pure 
parotid saliva from person A. 


Ordinate: mg Ca per 100 ml saliva. 
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ture. Tills must be due to a precipitation of calcium during the 
storage of the saliva. 

Kg. 2 gives the results from pure parotid saliva. This sample 
is taken directly from the parotid duct by means of a saliva se- 
jiarator constructed according to Gore (1938). The saliva taken 
in this way is quite free from the so-called “debris”. The results 
are very similar to those described above. From this it is evident 
that the variations that oceur by different treatments of the sa- 
liva are not produced by the presence of debris. 


Conclusion. 

The correct preliminary treatment of saliva before calcium ana- 
lysis is deproteinization. 

The saliva must not be centrifuged before the deproteiniza- 
tion. 

Storing of the saliva will not influence the results if the samples 
are thoroughly mixed and deproteinized by trichloracetie acid 
before the analyses. 


Literature. 

Becks, H., Ergebnisse neuorer Speicliel-Untersuchungeu niit besonderer 
Beriicksichtigung der Graviditat imd der Paradentoseu. Meusser, 
Berlin 1929. 

Becks H., and W. IVainwright, J. dent. Bes. 1931. 14. 387. 
Gore, J. T. Ibidem, 1938. 17. 69. 

Jonsgak, S., Ibidem 1937. 16. 173. 

Larsox, C. B., and D. M. Greenberg, X biol. Chem. 1938. 123. 199. 
Kappaport, F., Klin. Wschr. 1933. 12. 1774. 
rfcHMiDT-NiELSEN, B., Acta physiol. Scand. 1945. 9. 166. 
rfoBEL, A. E. and B. A. Sobel, X biol. Chem. 1939. 129. 721. 

Van Slyke, ]). D. and X Sendroy jr., Ibidem 1929. 84. 217. 



From the School of Dentistrj- and the Zoopliysiological Laboratory. 

Copenhagen. 


Microdetermination of Calcium 
in Saliva and Serum. 

By 

BODIL SCHMIDT-NIELSEN. 

Received 24 October 1944. 


The large number of methods for microdetermination of cal- 
cium available in the literature show.? that tliis analysis involves 
many difficulties. The accuracy of most of the methods commonly 
used is not very satisfactory, and the errors are diffucult to con- 
trol and can be rather large if the analyses are not carried out 
with meticulous care. 

In nearly all calcium determinations the calcium is precipitated 
as the very insoluble oxalate. The calcium oxalate can be deter- 
mined by different procedures viz. gravimetric, titriinetric or 
gasometric. In microestimations the titriinetric methods arc most 
frequently used. The titration can be either oxidimetric or acidi- 
metric. 

The oxidimetric titration of calcium oxalate has gained much 
favour in actual jiractice owing to its relative simjilicity. Hal- 
verson and Bergeim (1917), Kramer and Tisdall (1921) and 
many others use a very dilute potassium permanganate solution 
as oxidizing agent. This method, however, is not very accurate 
owing partly to the instability of the permanganate solution, and 
partly to the fact that the endjioint of the titration is not suffi- 
ciently well defined. 

Rappaport (1933), Willard and Young (1928), Katzman and 
Jacobi (1937) and others make use of the more stable ceric sul- 
fate as oxidizing agent, and obtain better reproducible results 
than by the application of permanganate. 
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The acidimetric titration has been employed among others by 
Hamilton (1925), Trevan and Batnbridge (1926) and Fiske and 
Adams (1931). The procedure used by these authors has been as 
follons: The calcium oxalate has been converted by ignition to 
carbonate, the carbonate dissolved in hydrochloric or phosphoric 
acid and the titration carried out with an alcali. The advantage 
of this procedure is that the titration endpoint is well defined; 
but as in the oxidimetric method the titration solution is not 
quite stable. 

A much better acidimetric principle has been indicated by 
Sobel and Sklersky (1938). Instead of dissoMng the carbonate 
in a strongly dissociated acid they apply a hot 10 per cent boric 
acid solution. The titration can then be carried out directly rnth 
an acid. Thus the indirect titration, invohnng the use of the un- 
stable alcali solution is completely avoided. 

On account of these desirable features the principle of this 
method, indicated by Sobel and Sklersky (1938) and modified 
for microestimations by Sobel and Sobel (1939), has been adopted 
by the author. By the introduction of a number of improvements 
the accuracy has been increased and the duration of the proce- 
dure has been shortened. 


Method. 

The method is adapted for estimations of calcium in about 

0.3 ml of serum or 1 ml of saliva (0.03 to 0.05 mg Ca). If the 
strength of the hydrochloric acid employed is diminished, smal- 
ler amounts of calcium can be determined, but with reduced ac- 
curacy. 

In the daily routine I have worked with 24 simultaneous ana- 
lyses, Avhich could be carried out in two times three hours. 


a. Reagents. 

1. Trichloracetic acid, 20 per cent. 10 g of pure trichloracetic 
acid are dissolved in distilled water and made up to 50 ml. It is 
not convenient to make more at a time, because it is not com- 
pletely stable. The solution must be kept in the ice chest. 

2. Ammonium hydroxide, about 1 n. 68 ml of 25 per cent am- 
monia are diluted to 1 liter. 

3. Hydrochlorid acid, about 1 n. 
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4. Acetate, buifer, pH 4.6, 0.2 n. Equal parts of 0.2 n sodium 
acetate and 0.2 n acetic acid are mixed. 0.2 n sodium acetate is 
prepared by dissolving 27.22 g of sodium acetate (NaC-HjO, 
SHoO) in water and making up to 1 liter. 0.2 n acetic acid is pre- 
pared by diluting 11.3 ml of 99 per cent glacial acetic acid to 1 
liter. 

5. Hrom cresol green, 0.005 per cent. 50 mg of brom cresol green 
are moistened with alcohol and dissolved in 1 liter distilled water. 

6. Ammonium oxalate, saturated. 6 g of ammonium oxalate are 
dissolved in 100 ml hot distilled water and allowed to cool. 

7. Ammonium oxalate, 0.5 per cent. 5 g of ammonium oxalate 
dissolved in 1 liter distilled water. 

8. Boric acid, 10 per cent. 10 g of recrystallized boric acid are 
dissolved in 100 ml distilled water by heating. The solution is 
always heated just before use, so that all the boric acid is dis- 
solved. 

9. Hydrochloric acid, 0.1 n standard solution. 


b. Apparatus. 

Pipettes. Two sorts of pipettes are used in the method: 1. Pi- 
pettes of the type developed in the Carlsberg laboratory (Hot- 
ter, 1943, p. 434 — 35), but modified to a larger volume (fig. 2). 
2, Syringe pipettes (Eeogh, 1935). 

The accuracy of a 1 ml syringe pipette is about 0.01 per cent, 
and of a Carlsberg pipette of the same size 0.1 per cent. The sy- 
ringe pipettes are extraordinarily accurate, and furthermore they 
are extremely convenient to handle. "V^Tien the same volume of a 
reagent is to be added to a number of samples, these pipettes will 
save much time. On the contrary they are not well suited for 
pipetting of many different samples, because the dead space of 
these pipettes claim a thorough cleansing between each sample. 
In this case the Carlsberg pipettes arc more convenient. Wlien 
the composition of the samples does not differ too much, the 
washing of the pipettes can be neglected. 

The sizes of Carlsberg pipettes used are: about 1 ml, 0.8 ml, 
0.4 ml and 0.2 ml. Of syringe pipettes it is convenient to have 
pipettes in the sizes: 2 ml, 1 ml, 0.5 ml and 0.2 ml. 

Special centrifuge tubes in hard glass. In fig. 1 the centrifuge 
tubes are shown. The wall thickness is 1 mm, the internal dia- 
meter about 10 mm and the over-all length about 80 mm. The 
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Fid. 1. .-Ipjfaralus for evaporation. 

The analysing vessels (a) are placed in a holder (h) in a boiling iratcr bath. The 
air is blown into the vessels through fine canniilne (c) of stainless .steel {lengtJi 
35 mm, diameter 0.5 mm), which arc fastened to the hollow plate (d). The aii 
pressure just before the plate is about 25 mm Hg. In order to prevent condensa- 
tion of water on the cannulae, the plate is heated by means of an electric lamp (e), 
resting upon the plate. 


conical part of the tube ends as a small pocket. In this pocket 
the precipitate will pack down during the centrifugation, and the 
aspiration of the supernatant fluid will be possible without dis- 
turbance of the precipitate. 

A number of ordinary centrifuge tubes are also used in the 
method. 

An apfaralus for evaporation. The apparatus is shown in fig. 1, 
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as adax^ted for 12 centrifuge tubes. By blowing air into tlie 
centrifuge tubes, while they are heated over a boiling waterbath. 
evaporation can be finished in a few minutes. 

An eleclric oven. The oven shall be large enough to hold 12 of 
the special centrifuge tubes, and shall be adjustable to about 
430° C. 

A Eehberg microhurette (Rehberg 1926). The total graduated 
part is 0.1 00 ml and is graduated in /d. Tenths of the graduation 
are estimated. 


c. Removal of Proteins. 

It is necessary to remove the proteins before calcimn determi- 
nation both in saliva and in serum (Schmidt-Nielseic 1944), if 
this is not done, too low results are obtained. Burther it is ob- 
jectionable to centrifuge the saliva before the samples are pi- 
petted off (1. c.). Some authors have treated the saliva in this 
way in order to remove the insoluble parts (epithelial cells etc.), 
but this so called “debris” contains also calcium compounds 
which are precipitated in the saliva after the secretion. On the 
contrary it is very important that the saliva is intensively mixed 
before the pipetting. 

Procedure: 1. Serum. 0.3 ml of serum are pipetted (Carls- 
berg pipette) into an ordinary centrifuge tube. 1 ml of distilled water 
and 0.3 ml of trichloracetic acid are added. The material is mixed and 
allowed to stand for half an hour for precipitation. The mixture is 
centrifuged for 10 mmutes. lYith a Carlsbcrg pipette 1 ml of the super- 
natant solution is transferred to the special centrifuge tube (the ana- 
lysing vessel). 2. Saliva. The saliva sample is thoroughly stirred, 1 ml 
is pipetted (Carlsberg pipette) into an ordinar}- centrifuge tube and 
0.3 ml of trichloracetic acid are added. Dilution with distilled water is 
not necessary here because saliva only contains small amounts of pro- 
teins. The material is mixed and treated as described above. 


d. Precipitation. 

The precii)itation of calcium oxalate shall be carried out at a 
pH between 4 and 5.6 (McCrudden 1911). If the solution is 
more acid than pH 4, the precipitation of calcium oxalate will 
not be complete, and if the pH exceeds 5.6 some magnesium com- 
pounds will jjrobably be precipitated together with the calcium 
oxalate. By nentralmng- the- trichloracetic ■ acid with ammonium 
hydro.xide and adding an acetate buffer of 4.5 the. desired 
pH can be obtained. 
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Procedure: To the acid solution in the analysing vessel arc- 
added 5 drops of broni cresol green solution and 0 . 2 ml of 1 n amuio- 
nium hydroxide. The solution is stirred with a very thin glass rod. 
If the mixture is still yellow, ammonium hydroxide is added drop 
by drop until the colour changes from yellow to green or faint blue. 
If the mixture is blue after adding 0.2 ml of ammonium hydroxide, 
1 n hydrochloric acid is added dropwise until the colour changes to 
yelloAv, and then one drop of ammonium hydroxide. 

After the' neutralization 0.5 ml of acetate buffer and 0.5 ml of sa- 
turated ammonium oxalate are added, the latter with a syringepipette. 
If the ;piston in the pipette is pressed dowir with a little vigour, no 
other stirring is necessar}*. 

The tube is stopjjcred and the mixture is allowed to stand three- 
hours or overnight for precipitation. 

e. Washing of the Precipitate. 

Eemoval of the supernatant fluid can be carried out in diffe- 
rent ways as decantation, filtration or suction. Here the washing 
by suction as indicated by Halversox and Beroeim (1917) has 
been adopted with some modifications. The pipette used for suc- 
tion can be made as follows: a glass tube is drawn out to a capil- 
lary wliich is bent back into a U (see fig. 3). The suction is car- 

- . .Ji ^ 



Fig. 2. l‘ipellcs. 

A Cijrlsberg pipette- («). Tlie suction pipette {h). 


ried out with the nioutli through a rubber tube. The precijiitated 
calcium oxalate is a light powder which is very easily disturbed 
during the removal of the supernatant solution. Not even the 
special form of the centrifuge tube with the small pocket will 
quite protect the precipitate from being whirled uji by the suc- 
tion, if this is not carried out with the utmost care. Furthermore 
a film of calcium oxalate will remain in the surface after the cen- 
trifugation. Therefore the tip of the suction pipette must always 
be kept below the surface. 

The washing liquid is a 0.5 per cent ammonium oxalate solu- 
tion. This can be used because the excess of oxalate is volati- 
lized during ignition. The oxalate ions will protect the lorecipi- 
tate from going into solution. 



172 


BODIL SCHMIDT-MEtSEX. 


Onlj one washing is necessary because, after the first suctiou, 
not more than 20 will be left of the 2 ml mother liquor, these 
20 fA will be diluted with 2 ml of 0.5 per cent ammonium oxalate, 
and again only 20 /d of this mixture will be left by the next 
suction, so that at most 0.01 per cent of the mother liquor will 
remain with the precipitate. 

Procedure: The mixture is centrifuged for 5 to 10 minutes 
(3,000 rev/min). With the pipette described above the supernatant 
fluid is drawn off. The tip of the pipette is immersed into the solution, 
care must be taken not to touch the walls or the surface during the 
suction. The solution is drawn off until fluid remains only in the pocket 
of the tube. 2 ml of 0.5 per cent ammonium oxalate is added. The tube 
is stoppered and the mixture is again centrifuged for 5 to 10 minutes. 
After the second suction the refnaining fluid is evaporated to dryness 
in the apparatus for evaporation. 


f. Conversion of the Oxalate into Carbonate. 

The temperature at which the change from oxalate to carbon- 
ate takes place is about 300° C, at a higher temperature some of 
the carbonate will change to oxide. For the titration results it 
will not matter if the oxalate is converted into carbonate or oxide 
or a mixture of both, as the acidimetric equivalent of calcium 
oxide is identical with that of calcium carbonate. But if not all 
the oxalate is converted, too low results will be obtained. 

At a temperature about 430° G the conversion will be com- 
plete in 40 — 60 minutes. If the temperature exceeds 500° C, or 
if the analyses are kept more than IV 2 hour at the high tempe- 
rature, the hard glass tubes will begin to decompose. 

Procedure; Tlie analysing vessels are placed in the electric oven, 
which is already heated to '430°. After this temperature is reached 
again, they are allowed to stay in the oven for 40 — 60 minutes. 


g. Solution and Titration of the Calcium Carbonate. 

SoBEE and SivLERSKY (1038)-have fotmd that hot 10 per cent 
boric acid will dissolve the calcium carbonate in a few minutes. 
On account of the special form of the analysing vessel with the 
small pocket, stirring with a glass rod is necessary. If the glass 
rod is thin enough and the samples are arranged so that the 
weakest samples come first and the stronger last, the error pro- 
duced by transporting fluid from one sample to another will be 
negligible. 
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The indicator used for the titration is brom cresol green. The 
jiH range is 3.8 — 5.4, the colour changes from yellow to blue. 

"When the solution of calcium carbonate in bpric acid is titra- 
ted to the pH of the pure boric acid, the hydrochloric acid used 
for the titration exactly equivalents the calcium content of the 
sample. 

Procedure: After the ignition the analysing vessels are placed 
in the evaporation apparatus, which is now used only as a boiling 
water bath. 0.5 ml of hot 10 per cent boric acid is added. The pipette 
must be washed immediately after the use to avoid crystallization 
inside it. "With a very thin glass rod each sample is stirred for 10 sec. 
The samples remain for a few minutes in the boiling water bath, then 
they are taken out and 2 ml of indicator solution are added. The samples 
are allowed to cool to room temperature, and the titration can take 
place. 

Por comparison O.s ml of the boric acid are pipetted into a cleanana- 
lysing vessel and 2 ml of indicator solution added. The Rehberg 
microburette is filled with 1/10 n hydrochloric acid just before use. 
The tip of the burette is immersed in the solution. Por stirring a 
gentle stream of air is bubbled through. The titration is finished when 
the sample has obtained the same colour as that of the pure boric 
acid -f- indicator. 


h. Calculations. 

The calcium content in the sample can be expressed in a) 
millinormality (= jttE of Ca per ml of sample) or in b) mg of Ca 
per 100 ml of sample. 

"When we wish to calculate the calcium content in millinor- 
mality we have: 

1 ^1 of Vio u HCl corresponds to Yio Ca 


then 

fiE of Ca per ml of sample = 
normality of sample. 


(titer — blank) • ^/lo 
ml of sample 


= milli- 


If the calcium content is to be calculated in mg per 100 ml 
of sample we have: 

1 //I of Yio u HCl corresponds to 0.002 mg Ca 


then 


mg of Ca per 100 ml of sample = 


(titer — blank) • 0.002 • 100 
ml of sample 
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When serum has been treated -with trichloracetic acid, we have 
that the quantity of serum first pipetted off (ser) has been diluted 
with water (.wa) and with trichloracetic acid (tri), and, after pre- 
cipitation and centrifugation, an aliquot part of this mixture 
(pip) has been transferred to the analysing vessel. The quantitv 
of serum transferred to the analysing vessel (ml of sample) caii 
then be calculated as follows: 

ml of sample = pip . 

ser + wa -f- tri 

When a sample of saliva has been treated with trichloracetic 
acid, the procedure has been the same as that for serum except 
the diluting with water. If ‘"sal” is the quantity of saliva first 
pipetted off, the quantit}^ transferred to the analysing vessel 
can be calculated as follows: 

sn,l 

ml of sample = pip - - — r. 

^ ^ ^ sal -f tri 

Experimental. 

The method has been used in daily routine work for one and a 
half year. All this time the results of control analyses and paral- 
lels have been satisfactory. Some characteristic analytical data 
shall be given below. 

It is necessary to make blank analyses. If the reagents are not 
quite free from traces of calcium, the blanks will give a small 
titer, which must be subtracted from the titer of the total sample. 

Table I. 

Blanks. 

The results are expressed in «1 of HCl used for the titration. 


H.O 

! H.O -r trichlorncctic 
acid 

0.1 

! i 

! 0.5 ! 

O.o 

! O.s 

O.O 

' 0..5 

O.o 

i 0..5 

0.1 

O.o 

O.o 

I 0.5 1 


In table 1 the results on distilled water and on water treated with 
trichloracetic acid are shown. 
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Table 2. 

CaCU aohdion of l-noicn strength, 't mg of Ca in 100 ml of solution. 


CaClj treated with ' CaCl. not treated with 
trichloracetic acid trichloracetic acid 

0.790 ml analysed = l.OSO nil analysed = 
0.031G mg Ca. 0.0432 mg‘Ca. 


0.O314 I 0.0430 

0.0313 0.0433 

0.0310 1 0.042S 

0.O317 ; 0.0433 

0.0314 I 0.0432 

0.0317 ; 0.0420 

0.0313 0.0435 

0.O31G . 0.0430 

0.0317 0.0431 

0.O32O 0.0434 


.'Standard deviation .Standard deviation 

0.OOO224 ' 0.000234 

1 Percentage error 0.71 Percentage error 0.54 


111 tabic 2 the results on determinations of calcimn chloride 
solutions of known strength are shown. Preliminary treatment 
with trichloracetic acid does not seem to influence the standard 
deviation. The percentage error is about 0.0. 


Table II. 

Saliva. 

Eight aimlysc.s of one p.oinplc of F.nlivn. 


mg of ealcinm found in 
0.8 10 ml ."saliva 


0.04<U 
0.0493 
0.04.87 
0.0485 
0.0189 
0.04S5 
■ 0.O49O 

: 0.04 S9 

j Average: 0.0489 

; mg of calcium in 100 ml 
! of saliva: G.04 


Standard deviation 
0.00033 

Percentage error 0.C8 


Table 4. 

Serum. 

Eight analyses of one sample of scrum. 


mg of calcium found in j 
0.244 ml serum 


0.0250 j 

' 0.0259 ' 

I 0.0252 ' 

' 0.0249 

I 0.0249 

0.0254 

0.0258 I 

; 0.0258 

I .Average: 0.0254 | 

! mg of calcium in 100 ml | 
of serum: 10.4 i 


Standard deviation 
0.00040 

Percentage error l.C 
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Tables 3 and 4 give the results from a saliva and a serum sample. 
The standard deviation is a little larger for these protein contai- 
ning solutions than for the pure calcium chloride solution. The 
percentage error is larger for the serum than for the saliva samp- 
les, owing to the smaller quantity of calcium analysed. 

In order to control that the presence of saliva does not influ- 
ence the correct precipitation of the calcium present, mixtures 
of saliva and a calcium chloride solution of known strength have 
been analysed. The results are seen in table 5. The calcium con- 
tents found by analysis and by calculation are the same. 


Table 6. 

3Iix{ures of saliva and CaCU sohtiion. 


I Saliva 

I 2 parts saliva 1 part CaCl. 

1 part saliva -f 1 part CaCL 
i 1 part saliva -f 2 parts CaCU 
. CaClj : 


mg of Ca in 100 ml of sample 


analysed (average ^ 
of 4 analyses) ’ 

1 

1 

calculated j 

5.sC 

i 

5.08 

5,09 

4.85 

4.83 i 

4.07 

4.00 1 

4.10 

1 


i 


Summary. 

A method for determination of calcium in about 0.3 ml serum 
or 1.0 ml saliva (0.02 to 0.05 mg of calcium) is reported. The 
principle is the same as that indicated by Sobel and Sklerskv, 
but the procedure is somewhat different. The duration of the 
procedure has been shortened and the accuracy has been increased 
by the introduction of a number of improvements. 

The principle is: The calcium is precipitated as oxalate. The 
oxalate is converted by ignition to carbonate, dissolved in a hot 
solution of 10 per cent boric acid, and titrated with a 1/10 n hydro- 
chloric acid to the pH of the pure boric acid. 

When 24 samples are treated together the procedure requires 
3 hours up to and including the precipitation and 3 hours more 
for the final treatment and the titrations. The percentage error 
of the single determination is about 0.7 for 0.05 mg of calcium. 
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Lundsgaard, Nielsen and 0rskov in 1936 found that an 
isolated cat liver "when perfused with blood containing glucose is 
incapable of assimilating the glucose, whereas an isolated rabbit 
liver under the same conditions does so. Fructose, when ad- 
ministered under similar experimental conditions, was assimilated 
readily by both cat and rabbit livers. 

Subsequently Kalckar, 1938, in a single experiment observed 
that during incubation with glucose the fluoride-poisoned extract 
of liver tissue from a starved cat consumed inorganic phosphate, 
and this he regarded as a manifestation that the added glucose 
was phosphorylized by the enzymes of the liver tissue. 

However, if we assume that all hexose assimilation in the liver is 
conditioned by a phosphorylation process, it would seem that there 
is some incongruity between the observed glucose phosphorylation 
in vitro and the failure to assimilate glucose in vivo in the cat 
liver. The present work attempts to throw some light on this 
incongruity, the author having examined to what degree glucose 
and fructose can cause phosphorylation in fluoride-poisoned ex- 
tracts of livers of cats and rabbits, as well as of rats, 

Teclinique. 

Preparation o/ liver extract. The animal was kept in a state of inani- 
tion for 24 hours prior to the experiment. The liver was removed under 
ether narcosis, cooled on ice for 20 minutes, weighed, and then pulped 
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Tvitli sand and an equal -weight-volume of extraction fluid, i. e. Vis 
molar potassium-sodium phosphate solution -^vith pH 7.3 containing 
2 per cent, sodium fluoride and 0.3 per cent, potassium chloride. 
Phosphate was necessary, on account of the absorption of phosphate 
during the phosphorylation process and as a buffer substance. The 
purpose of the sodium fluoride was to inhibit dephosphorylation and 
thus make possible an accumulation of the phosphorylized products. 
Potassium chloride was added for the purpose of imitating the intra- 
cellular concentration of these substances. 

Incubation proceeded under a supply of oxygen for 30 minutes in 
a water bath at 37°. 

Ajler incubation the proteins were removed -with 10 per cent, tri- 
chloroacetic acid. The concentration of inorganic phosphate in the 
filtrate was determined colorimetrically after a modification of Loh- 
MANN and Jendeassik’s method. 

To each sample of tissue extract was added volume of either 2 
per cent, glucose or fructose or water, respectively. The loss of phos- 
phate owing to incubation -ndthout a substrate represents the phos- 
phorylation of the preexisting substances in the Uver extract; this 
value is called the spontaneous phosphorylation. The loss of inorganic 
phosphate beyond this spontaneous phosphorylation represents the 
phosphorylation of glucose and fructose respectively. 


Table 1. 

Phosphorylation i. e. phosphate decrease in fluoride-poisoned liver extracts 
from cat, rabbit and rat during incubation -with solutions of glucose or fructose 
or -nith irater alone. Experimental conditions: see text. The figines represent 
inorganic phosphate as mg P per sample. 


Animal No. 

Phosphate 
loss when 
incubated 
%vithout 
substrate 

Extra 
phosphate 
loss rrhen 
incubated 
with glucose 

Extra 
phosphate 
loss -when 
incubated 
with fructose 

Cat 1 

0.31 

0.05 

1.03 

2 

0.C5 


0.39 

3 

1.05 


0.19 

4 

1.25 


0.21 

5 

1.46 


0.47 

^ 

1.48 


0.40 

Rabbit 1 

0.17 


0.17 

2 

0.02 


0.76 

3 

0.76 


0.17 

4 

1.70 


0.12 

Rat 1 


0.03 


2 

0.27 

0.09 


3 


0.10 


4 


0.20 
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Results of Experiments. 

• An examination of tiie table shows that on being incubated 
without a substrate the phosphorylation in the liver extracts from 
the three different animals is considerable. This must indicate that 
the liver tissue contains abundant quantities of preexisting sub- 
stances which can be phosphorylized. The author is aware that 
this considerable spontaneous phosphorylation makes it difficult 
to interpret the results of the experiments. Attempts to reduce 
the spontaneous phosphorylation for example by starving the 
animal were unsuccessful. Under the various experimental con- 
ditions this spontaneous phosphorylation is always of consider- 
able magnitude and varies irregularly from animal to animal; thus 
the author did not succeed in removing the preexisting substances 
by a dialysis of the medium prior to the phosphorylation experi- 
ment. 

When incubated with glucose there was a very slight increase 
of phosphorylation in the liver extracts from cats, whereas those 
from rabbits and rats assimilated perceptibly more phosphate 
when incubated with glucose. On the other hand the cat liver 
extracts phosphorylized distinctly when incubated with fructose. 
For rats and rabbits there was no distinct quantitative difference 
in the uptake of phosphate when incubated with glucose and 
fructose respectively. According to EAickar 1938 the phosphate 
ester formed during the incubation of liver extract with fructose 
is a fructose-diphosphoric acid; it would thus seem that there 
is an esterification of the hexose itself. If we may venture to 
draw conclusions from conditions in vitro compared with con- 
ditions in vivo, the inability of the cat liver tissue to assimilate 
glucose must mean that in this animal the liver tissue does not 
contain a sufficient quantity of enzymes for the phosphorylation 
of glucose. The possibility that glucose actually inhibits spon- 
taneous phosphorylation in the liver tissue seems out of the ques- 
tion, as after incubation the concentration of glucose was found 
to have no relation to the extent of the spontaneous phosphoryla- 
tion. 

Even with an intense stimulation of the phosphorylation in 
the cat liver extracts through the addition of glutamic acid there 
was no observable increase in the glucose phosphorylation, as a 
sample of the extract ■with glutamic acid and water phosphorylized 
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just as much as a correspoudiug extract with glutamic acid and 
glucose. Thus the increased phosphorylation caused by adding 
glutamic acid is due solely to an increased phosphorylation of the 
preexisting substrates, i. e. spontaneous phosphorylation. When 
stimulating phosphorylation in kidney cortex extracts of rabbits 
and cats Kalckar 1938 and Kjerulf-Jensen 1942 respectively 
found that there was esterification not only of the preexisting 
substances but also of added glucose or glycerine. It is a well- 
known fact that the oxydation of several different easily-oxidiz- 
able organic compounds, especially polycarbonic acids like citric 
acid, succinic acid, including glutamic acid, can energetically 
stimulate the phosphorylation of hexose in phosphorylizable, re- 
spiring tissue extracts. Thus the conditions for a phosphorylation 
of glucose in a tissue extract of cat liver may be described as the 
best possible when, simultaneously with incubation, the added 
glutamic acid is broken down. 

Working on the idea that cat liver tissue lacked some com- 
ponent of the enzyme system necessary to the phosphorylation 
of glucose — a component that is not required for the phosphoryla- 
tion of fructose — the author endeavoured to complete the liver 
extracts by adding small quantities of aqueous kidney cortex 
extract from the same animal. In a fluoride-poisoned state these 
extracts are capable of phosphorylizing glucose very rapidly, so 
that they must contain the components necessary for this pro- 
cess. Before being added to the liver extracts the phosphorylizing 
enzymes in the renal cortex extracts were destroyed very gently 
by placing them in the thermostat at 35° for 5 to 10 minutes 
without any previous addition of fluoride. However, this attempt 
to complete the extract of cat liver tissue failed, as there was no 
significant phosphorylation of glucose. 

It would thus seem that the inability of cat liver to phosphory- 
lize glucose is due to the absence of certain very labile components, 
presumably the phosphorylizing enzymes which are specifically 
directed against glucose. 


Summary. 

By means of phosphorylation experiments with liver extracts 
from cats, rabbits and rats it was found that as far as cat liver 
extract is concerned, incubation with glucose — in contrast to 
the other animals — caused only an insignificant assimilation of 
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phosphate. This agrees with Lundsgaakd, Nielsen and 0a* 
SKOv’s demonstration that artificially perfused cat Hver does not 
assimilate glucose from the perfusion blood. 

The experiments also indicated that the inability of cat liver 
tissue to phosphorylize glucose is caused by a lack of the phos- 
phorylizing enzymes that act specifically on glucose. 


References. 

Kalckab, H.j Fosforyleringsprocesser i dyrisk Vaev, Diss., Kobenhavn 
1938. 

Kjebulf-Jensen, K., Fosforyleringsprocessers Betydning for Resoip- 
tion. Diss., Kobenhavn 1912. 

Lundsgaard, E., N, Aa. Nielsen and S. Dasxov, Skand. Arch. Phy- 
siol. 1938. 73 . 296. 



From the Biological Institute of the Oarlsberg Foundation. 


Protein Metabolism of Tissue Cells in yitro 

3. Accessory Growtli Substances Present in Barley Malt 
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In a previous paper (Astrup, Pischer and Volkert 1945) it 
was demonstrated that thermolabile dialjxable accessory growth 
substances for animal tissue cells are present abundantly in ex- 
tracts of yeast and germinating barley. These substances appeared 
to be of the same nature as the low molecular substances present 
in blood serum required for maintenance and growth of the cells 
in the plasma medium. The results obtained in these studies in- 
dicated that only a single or a few substances were responsible 
for the effect, which possibly may be to enable the cells to utilize 
the dialyzed plasma proteins. 

In the present paper the consequences of these results are 
drawn, attempts being made, with germinating barley as raw 
material, to isolate fractions that may be able without the pre- 
sence of other substances (e. g., amino acids as employed previ- 
ously) to elicit normal growth of tissue cultures in dialyzed media. 
Our experiments show that actually it is possible to produce 
purified preparations which still have the full effect of the original 
extract, thus supporting the assumption that a single or only 
few active components are involved. 

Technique. 

The technique described in previous papers was employed here, 
except that this work was carried out without any addition of other 
substances. Thus no amino acids were added. Furthermore, the ex- 
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periments were carried out almost exclusively with the employment 
of heart fibroblasts from chicken embryos, while before usually perios- 
teal fibroblasts (osteoblasts) were used. Periosteal fibroblasts respond 
very readily to the addition of the accessory growth substances and 
require the presence merely of relatively small amounts of growth sub- 
stance in the form of dialyzed embryonic extract (embryonin). Using 
osteoblasts, the result of the experiment can be seen as early as after 
3 — 4 days. 

In heart cultures a larger amount of the accessory substances origin- 
ating in the mother culture is transferred to the experimental cultures, 
and during the first 24 — 28 hours the culture therefore grows better 
than is to be expected on a dialyzed medium. With heart fibroblasts 
it therefore takes 5 — 8 days before a reliable result may be obtained 
from the experiment. Various experimental series, in which the effect 
of the same extract was examined on osteoblasts and heart fibroblasts, 
showed that one obtains just as reliable experimental results with 
heart fibroblasts as with osteoblasts. 

It may be added that these studies so far did not reveal any dif- 
ferences in the demand for accessory growth substances between 
osteoblasts and heart fibroblasts, except that the heart fibroblasts, for 
the full rate of growth, require larger amounts of these substances 
than do the osteoblasts. 

The foUowing experiments have as a rule been carried out with 
heart fibroblasts and with addition of larger amounts of accessory 
substances than employed in the previous experiments, namely: 0.2 
and 0.4 ml. It was found convenient, in order to obtain rebable re- 
sults to carry out at the same time experiments with 0.2 and 0.4 ml 
of the solution concerned. As is well known, the response of the cul- 
tures to the substances added (embryonic extract and dialyzable 
factors) may vary from one culture to another. Hence it cannot be 
taken for granted that one set of cultures (an e3q)erimental culture 
with the corresponding control culture as daughter cultures from 
the same mother culture) respond to the addition of embryonic ex- 
tract and accessory substances to the same degree as does another 
set. Hence, with the measuring method here employed, no absolute 
values can be given for the experimental results. \ ^ 

The solutions examined were usually prepared with saline or Binger s 
solution and adjusted to neutral reaction on .neutral lithmus paper, 
whereafter they were sterilized by passing through asbestos filters. 


Experimental. 

The raw material used was barley malt (pilsner malt) dried at 
90°, placed at our disposal by the CarUherg Brmenes. It was ground 
to a powder and the main amount of husk was removed by sifting. 

1. Crude Extract. — 200 g pulverized malt is added to BOO ml 
water at 35 — 40° and stirred on water bath at this temperature 
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for one hour. The mixture is centrifuged, and the turbid su- 
pernatant fluid (250 — 300 ml) is precipitated with 3 vol. 93 — 96 
per cent ethyl alcohol and left standing for a couple of days. The 
filtrate herefrom is evaporated in vacuum on a water bath till 
all the alcohol is removed, and is then diluted with water to the 
original volume (250 — 300 ml). Contains 0.80 — 1.00 mg N per ml. 

2. Alkaline Precipitation with Ethyl Alcohol. — As previous 
experiments with yeast extracts show that fractional precipitation 
may be carried out with ethyl alcohol, the beha^dor of malt ex- 
tracts was examined — with corresponding results: Alcohol pre- 
cipitates a neutral or alkaline concentrate so that the amount of 
nitrogen is distributed about equally on the two fractions, while 
the active substances are found in the precipitate. On the other 
hand, with acid reaction of the concentrate the amount of nitrogen 
in the precipitate is decreasing and, at the same time, the solution 
becomes more and more active. Several of the experiments were 
carried out on crude extract treated with fiillers earth, but as 
only small amount of the nitrogen is removed, this treatment 
was later omitted. Precipitation at basic reaction gives the most 
promising result, since all the active substances are found in the 
precipitate. Still, the solution produces some growth, but the 
appearance of the cells shows that we are here dealing with a very 
inadequate medium. 

V — 212, 1: 300 ml crude extract, prepared as above, is concentrated 
in vacuo on a water bath to 23 ml and rendered slightly basic on 
phenolphthalein paper by addition of 2-n NaOH. The amount is now 
28 ml. This is precipitated with 5 vol. 96 per cent ethyl alcohol (140 
ml) and left standing till next day at 0°. 

The supernatant fluid is distilled in vacuo on a water bath with 
water in order to remove the alcohol. Neutralization and dilution to 
the original volume with water. O.n mg N/ml. 

^ ¥—212, 2: The precipitate is dissolved in water and the solution 
distilled in vacuo in order to remove the alcohol. Dilution to the 
original volume, after neutralization. 0.50 mg N/ml. 

V — 212, 2 is considerably more active than V — ^212, 1; in particular, 
the appearance of the cells shows that V— 212, 1 is insufficient. Figs. 
1 and 2. About one-half of the amount of nitrogen is removed in in- 
active form. Repetition of the precipitation gives a further purifica- 
tion. 

P ^227, 1: 560 ml crude extract is concentrated to a small volume 
and made basic as above. Volume 68 ml. Precipitation with 5 vol. 96 
per cent alcohol and standing at 0° till next day. Decantation of su- 
pernatant fluid and dilution to 560 ml. Contains 0.39 mg N/ml. 

P ■> 2: The precipitate is dissolved by addition of 25 ml water 
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and reprecipitated with 250 ml 96 per 
cent alcohol. After standing til next 
day the fluid is poured off and diluted 
to 660 ml. 0.17 mg N/ml. 

V — 217, 3: The precipitate from Y 
— ^217, 2 is dissolved in water, distilled 
in vacuo, neutralized and fluted to 
660 ml. Contains 0.32 mg N/ml. 

The solution purified by two 
precipitations ivith alcohol at alka- 
line reaction appeared to be just as 
active as the crude extract and was 
used for further purification. 

3. Acid Precipitation ivith Ethyl 
Alcohol. — A concentrate (of a crude 
extract or a solution purified by 
basic precipitation with alcohol) is 
found to dissolve in excess of glacial 
acetic acid. By fractional precipita- 
tion with ethyl alcohol, it is possible 
to obtain an inactive nitrogen-poor 
precipitate. On further addition of ethyl alcohol an increasing 
amount of nitrogen and active substance is found in the precipi- 
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accessory growth substances from 
barley malt (V — 212, 1 and V — 
212, 2) isolated by precipitation 
with alcohol at basic reaction. 




PROTEIN METABOLISM OF TISSUE CELLS IN VITRO. 


187 



Fig. 3. Treatment of the crude extract with glacial acetic acid and ethyl alcohol 
(V— 212, 2: Original solution. V— 212, 3: Filtrate. V— 212, 4: Precipitate). 


tate, but even -witb a large excess of ethyl alcohol it is not 
possible under these circumstances to precipitate all the active 
substances in the solution. The most favorable result is obtained 
by precipitation tvith just as much absolute alcohol as the amount 
of glacial acetic acid used. The precipitate obtained in this 
maimer is very loiv in nitrogen and practically inactive, whereas 
the solution appears to be just as active as the original solution. 
Further alcoholic fractionation of this solution gives no satis- 
factory result. 

y 212) 3: 200 ml of V — 212, 2 is concentrated in vacuo to a thin 

syrup (17 ml) and 5 vol. glacial acetic acid (85 ml) is added; then 
precipitation Avith 5 vol. absolute alcohol (85 ml), and standing over- 
night at 0°. The precipitate is a little sticky. The clear fluid is poured 
off, and distilled in vacuo with water several times in order to remove 
the acetic acid. Neutralization and dilution to 200 ml 0.3 9 mg N/inl. 

y 212, 4: The precipitate is dissolved in water and distilled in 

vacuo for removal of the acetic acid. Neutralization and dilution to 
200 ml 0.07 mg N/ml. 

While the supernatant fluid appears to be just as active as 
the original solution, the precipitate is almost inactive (cf. Fig. 3). 
By this operation only a small amount of nitrogen is removed, 
but, by weight, a considerable amount of substance has been 
eliminated, presumably consisting of carbohydrates. 
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4. Extraction with Phenol. — Wlien tlie aqueous solution of 
tlie active substances is shaken ivitli phenol, all the activity is 
found in the aqueous la 3 ’-er, while the phenol layer is inactive. 
At the same time, the phenol has removed practically all coloured 
substances from the solution, which now is onlj' faintly 3 'ellowish. 
Also an imparity is removed which makes the solution foam 
markedly at the evaporation in vacuum. 

F — 217, 6: 80 ml concentrate, corresponding 
to 400 ml crude extract purified through two 
basic alcohol precipitations and one treatment 
with glacial acetic acid and ethyl alcohol, is 
shaken twice with 40 ml 90 per cent phenol. 
The water layer, which now is light j'ellow, is 
shaken with 100 ml ether. Then distillation in 
vacuo with several additions of water for re- 
moval of the ether and phenol. Neutralization 
and dilution to 400 ml. Contains O.ic mg N/ml. 

V — 217, 7: The united reddish-browji phenol 
layers are mixed with 100 ml water, and the 
mixture is shaken with 150 ml ether. As the 
separation is slow, the mixture is left standing 
till next day. The aqueous layer is removed, 
and the phenol-ether is shaken twice with 
more water and ether. The aqueous layers arc 
distilled in vacuo, foaming strongly under this 
treatment. Evaporation to drj’iiess several 
times for removal of traces of phenol. Neu- 
Fig.4. Treatment of the tralization and dilution to 400 ml. Contains 
c.vtract with phenol. V — q_o 3 N/ml. 

217, 6: Aqueous layer, ’ , , 

V— 217, 7; Phenol layer). Here the ptirificution process has been 

quite effective, as hardly one-half of the 

total amount of the nitrogen is left in the highly active aqueous 

phase. The phenol layer is inactive. (See Fig. 4.) 



Discussion. 

By the treatments described above, a considerable purification 
of the accessory growth substances is obtained, and as the ac- 
ti^'^ty still follows but one fraction it becomes increasing!}' prob- 
able that a single or only a very few substances are respon.sible 
for the effect on the tissue cells. Wliile the crude extracts con- 
tain from 0.80 to LOO rag H per ml, the rao.st purified solution 
(diluted to a corresponding volume) contains but 0.16 mg 
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per ml or even less, apparently without any essential reduction 
in the effect. At any rate, the fall in activity is not greater than 
is to be expected with the unavoidable loss of active substance 
in the treatment of the extract. Measured by its nitrogen con- 
tent, the active substance has been concentrated 5 — 8 times. 
The purification is considerably more effective, however, as fairly 
large amounts of substances low in nitrogen are removed. This is 
evident from dry matter determinations on the solutions prepared 
(105° to constant weight). 

With the various forms of treatment, 500 g crude extract gives 


approximately the following amounts of dry matter: 

Crude extract, originally 30 g 

After two precipitations with basic alcohol 12 g 

After precipitation with acetic acid and ethyl alcohol. . 6 g 
After treatment with phenol 2.5 g 


Calculated on dry matter content (before dilution or addition 
of Ringer’s solution or saline, but including the neutralizations 
required) the last preparation is about 12 times more active 
than the original crude extract. 

The experiences from these processes of purification have con- 
firmed the strong hydrophilic properties of the active substances. 
Other properties are the following: 

They are dialyzable and thermolabile in aqueous solution. In 
dilute aqueous solution they are not precipitated by 3 vol. 96 per 
cent alcohol. After concentration they are precipitated com- 
pletely at neutral and basic reaction by 96 per cent alcohol. At 
acid reaction their precipitation decreases with increasing acidity 
of the solution. The active fraction is soluble in 90 per cent acetic 
acid. In such solution, one volume of absolute alcohol produces 
a crystallized inactive precipitate which contains only minimal 
amotmts of nitrogen. The filtrate contains all the active substances. 
Addition of, more absolute alcohol gives increasing amounts of 
nitrogen in the precipitate which at the same time becomes more 
and more active, but even a large excess of absolute alcohol does 
not give complete precipitation of the active substance. On 
shaking with phenol the active substance remains in the aqueous 
phase while almost all coloured substances and the foaming sub- 
stance are transferred to the phenol phase. 

Experiments were carried out in order to isolate an active 
product in dry form by concentration in vacuo of the solution 
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pxirified by pbenol extraction, followed by neutralization and pre- 
cipitation with alcohol. In this way a sticky precipitate was ob- 
tained which could be transferred to a dry state by treatment in 
a mortar with alcohol and dry ether. In the air, however, this dry 
substance again becomes syrupy, and assumes a brownish colour. 
It is strongly hygroscopic, and is best kept under alcohol. 


Summary. 

Extracts of barley malt, containing accessory growth substan- 
ces for animal tissue cells, are submitted to fractionation, which 
results in a considerable purification and gives some information 
about the properties of the active substances. 

The studies here reported were carried out with the aid of 
grants from King Christian X’s Fond and Damnarks tehnishc 
HejsJcoUs Fond for tehnish Eemi. 
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A Photoelectric Pulse Counter. 

By 
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In physiological investigations concerning bodily heavy work 
there has always been a strong demand for a suitable method of 
recording the heart rate during exercise. For that purpose the 
electrocardibgram has been recorded of which sometimes all other 
waves but the R-wave have been filtered off. Lately Lehmann 
(1944) mentions that Muller has made a photoelectric pulse 
counter, which is arranged on the ear lobe and which has been 
proved to be valuable in research on industrial work. He does 
not give any details about the amplifier or recording means. It 
gave us, however, the idea to make a simple pulse counter which 
could be used in our investigations upon lumbermen in the woods. 

The photocell used consists of a selenium barrier layer cell of 
Pressler’s manufacture. The smallest design has a diameter of 
17 mm and a surface of 3 cm®, which at an external resistance 
of 2 000 ohms gives 120 X 10“^ amps, at an illhmination of 1 lumen. 
The cell is fixed on the outside of the earlobe by means of clip 
arrangement, A small lamp fed from an ordinary dry cell battery 
is fixed on the other branch of the clip (fig, la). By means of a 
6 meter long cable the photocell is connected to the input of a 
4-stage amplifier driven entirely by the dry-cell batteries. The 
coupling of this amplifier is given in fig. 1 b. This amplifier works 
a polhrized relay, which controls either a telegraph receiver record- 
ing each pulse beat, or, as in fig. 1 c, two call meters, which can 
successively be brbught into play by a switch. 
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Polarized relay 



Kg. J c. 



This arrangement has proved to work satisfactorily during for 
instance cross cutting of logs and has been used during measure- 
ments of the oxygen consumption upon lumbermen in order to 
work out diagram's relating the heart rate ro the rate of oxygen 
consumption. It works fairly satisfactorily but for very jerky 
movements of the head. In such cases as for instance while cutting 
branches with the axe it is advisable to count every deflection 
of the milliametex which is inserted into the anode circuit of the 
last valve. By this counting one gets into the rhythm of the pulse 
and the irregularities caused by occasional strong jerks of the 
head can thus be corrected for. In experiments on a bicycle ergo- 
meter the pulse counter was found to work very well even up to 
performances of 1500 mkg/min. 


Keference. 
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Tlic Reabsorption of Glycine and Other 
Amino Acids in tlic Kidneys of Man. 

By 

SANS S. USSING. 

Bcccivcd 26 October 19d-l. 


introdnetion. 

Among the normal constituents of liuman urine, and for that 
matter the urine of most vertebrates, amino acids are regularly 
found. ABDEitHALDKN and Sciuttenheui (1906) isolated glycine 
from urine, and later histidine (Kappeler-Aeler, 1933) and cys- 
tine (I^Ieue.?, 1937) were found to occur normally in human urine. 
A person voiding 1.5 litre urine per day, containing, say, ID mg % 
amino-l!7 thus e-xcrctes 225 mg amino-N corresponding to about 
1.5 g protein. 

This is, however, a A^cry small part of the amino-N which has 
in the same period passed from the blood into the glomerular fil- 
trate. Assuming the normal amino-N concentration of the blood- 
plasma to be about 5 mg % and a reasonable filtration in the 
kidneys to be 150 litres per day, about 7.5 g amino-N passes every 
day into the glomerular filtrate and, as only a minor part of that 
amino-N is found in the urine, it is obvious that the major part 
of the amino acids are reabsorbed in the tubules or possibly have 
diffused back into the blood as the urine is concentrated by 
reabsorption of Avater. 

Kirk (1936) studied the excretion of amino-N in fasting per- 
sons and in persons Avho bad ingested 25 g portions ot glycine. He 
found a considerable increase in the amino-N clearance Avith in- 
creasing amino-N concentration in the plasma. The observed rise 

]3 — i502G6. Acta phys. Scandinav. Vol.9. 
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in the clearance iie explained by a reduced tubular reabsorption 
of amino acids. He found further that the amino nitrogen con- 
centration may at times be lower in the urine than in the plasma. 
It thus seems beyond doubt that amino acids are reabsorbed by 
the human tubuli, but little is known concerning the mechanism 
by which amino acids are reabsorbed. 

Doty (1941) determined the reabsorption in dog’s kidneys of 
1-tyrosine, N-acetyl-l-tyrosine, N-methyl-l-tyrosine and l-histi- 
dine. He found that whereas tyrosine and histidine were reab- 
sorbed to a high extent (96—99 %), only 64 % of methyl-tposine 
and practically no acetyl-tyrosine was reabsorbed. 

It thus seems as if the mechanism involved is preferably adap- 
ted to the amino acids proper. In this connection attention may be 
drawn to the known fact that the d-amino acids not normally 
present in the organism, when given in the food are excreted 
in the urine to a considerable extent, whereas the “natural” 
1-amino acids are as a rule excreted in traces only (compare 
Abderhalden and Tetzner, 1935). Of course this excretion 
might be due to a slow oxydation of the “unnatural” isomeres, 
but as the organism possesses a very powerful d-amino acid 
oxydase especially in the kidney (Krebs, 1935) the more likely 
explanation of the excretion of d-amino acids is that they are not 
so efficiently reabsorbed as are the natural ones. 

An important question in the further study of amino acid reab- 
sorption is whether one mechanism is responsible for the reab- 
sorption of all amino acids or perhaps different amino acids are 
reabsorbed by more or less specific mechanisms. 

In principle this problems may be easily solved. As stated above, 
Kirk (1. c.) found that a moderate increase in plasma amino-N 
(produced by glycine ingestion) resulted in a large increase in 
amino acid excretion. This indicates that the amino acid reab- 
sorbing power of the tubules is limited just as is the power to 
reabsorb glucose. If one reabsorption- mechanism is common to 
all amino acids, an increase in the plasma concentration of one 
amino acid should lead to an augmented excretion of all amino 
acids occurring in the plasma. Similarly, if some mechanism is 
common to a group of amino acids, the amino acids of that group 
would of course be excreted in excess if one member of that group 
were augmented in the plasma. 

Though simple in principle such experiments have certain 
practical limitations. In the first place most 1-amino acids are so 
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rapidly handled in the metabolism that the concentration in the 
blood caimot be increased measurably, in any case if the amino 
acid is given by mouth (compare Abdeehalden and Tetzner, 
1. c.). Secondly the prevailing var conditions make it very difficult 
to get -the neccssarj' amounts of most amino acids. From the few 
accessible amino acids glycine seems best suited for such experi- 
ments. It is not so rapidly metabolised by man as most 1-amino 
acids and, according to Kirk (1. c.), it is therefore possible to 
increase the amino-N of the blood from the fasting value of 
5 — 6 mg % to about 10 mg % by giving the subjects 25 g glycine 
by mouth. (Doty and Eaton (1939) found that lysine is still 
more slowly oxydized than is glycine, but the administration of 
this amino acid to dogs by stomach tube resulted in vomiting). 

In evaluating such experiments with glycine it must be remem- 
bered, however, that even a reabsorption mechanism common to 
all amino acids might quantitatively prefer other amino acids for 
glycine, which would mean that an increase in the glycine content 
of the blood would probably produce a high excretion of that 
amino acid, but only a small increase in the excretion of other 
amino acids. This means that whereas a glycine feeding experi- 
ment showing an increased excretion of other amino acids must 
be taken as a proof for a common reabsorption mechanism, 
a negative find is inconclusive until more is known about the 
relative amounts of glycine in serum and in urine. 

Abderhalden and ScmTTENiiELM (2. c.) isolated glycine from 
normal urine, whereas they were unsuccessful in isolating any other 
amino acid, and they therefore assumed glycine to be the only 
amino acid normally occurring in urine. 

Although certain other amino acids have since been shown to 
be present in normal urine (see above), it cannot be ascertained 
from the literature if glycine is the all dominating amino acid in 
urine or whether other amino acids are of similar importance. 

Similarl}’', several amino acids are known to occur in blood 
plasma (compare UssmG '1943), but the relative importance of 
glycine is not known. 

The study of the excretion of glycine in urine is hampered by 
the fact that no appropriate methods for the estimation of glycine 
in urine and plasma are known, and in the case of most other 
amino acids conditions are similar. 

The first task in a study of amino acid excretion was therefore 
to work out the necessary analytical methods. 
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The present paper falls into three parts: 

1) The description of the methods worked out for the deter- 
mination of certain amino acids and groups of amino acids in 
plasma and urine. 

2) The determination of the relative concentrations in plasma 
and urine of these amino acids and groups of amino acids. 

3) The determination of the excretion of glycine and other amino 
acids after glycine ingestion. 


Methods. 

1. Total Amino Nitrogen. 

The purpose of the experiments being a comparison of the amino 
acids in plasma and in urine, it was desirable to use the same method 
for the determinations on both media. Tolin’s (1922) colorimetric 
method seemed well suited for the purpose, but when used in its original 
form it often gives erroneous results (van Suyke and Kirk, 1933). 
As pointed out by Danielsson (1933) the error is as a nile due to a 
blank value,, which is moreover dependent on the pn during the colour 
development. 

A modification of the method was therefore worked out in which 
the error was eliminated by reading the analyses in an electric photo- 
meter, using the deflection produced by a blank as zero-point. Another 
deviation from the original Folin method is the removal of ammonia 
by distillation instead of the permutit treatment. 

The details are the following, taking normal urine as an example: 
The urine is diluted 10 times; one or two ml are transferred to the 
distillation flask of a Parnas distillation apparatus together with 5, 
respectively 4 ml water. 0.5 ml 1 % Na.COj (compare Folin, 1. c.) 
is added with a Krogh syringe pipette and one drop of 0.5 % phenol- 
phthalein in 50 % alcohol is added. The vacuum distillation is com- 
menced, the flask being heated with a micro burner. When 4 ml have 
been distilled off (a graduated receiver is used) the distillation is dis- 
continued and the contents of the flask are transferred with 3 ml, 
water into a test tube with a mark at 10 ml.; 0.5 ml n/10 HGl is aided 
with a syringe pipette. The colour should by now match exactly with 
that of a blank made by mixing in a similar test tube 5 ml water, 
0.5 ml 1 % NajCOj, 0.5 ml n/10 HCI and one drop phenolphthnlcin. If 
tbe colours do not match the colour of the e:q)eriniental solution is 
adjusted %vith n/10 HCI or 1 % Na.COs to the right pii- (Tlie mixing 
is preferably made by a plunger made from a .slender gln.ss tube by 
blowing a bulb in tbe lower end with a diameter about one mm less 
than the inner diameter of the test tubes). 

1 ml freshly prepared 5 °/oo solution of sodium 1.2-naphtoguinone-4- 
sulfonate is now added to the unknown solutions, to the blanks and to 
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tile standards and after mixing the tubes are closely corked. As a rule 
0-5 ml of a solution of glycine in O.i n HCl is used as a standard. (Com- 
pare Folin 1. c.). The tubes are placed in the dark for about 20 hours. 
Then 1 ml buffer (eq^ual parts of 50 % acetic acid and 5 % sodium acet- 
ate) and 1 ml NajSaOa (4 %) are added to each tube, water is added 
to the 10 ml mark and after mixing the colours are compared in an 
electric photometer (Eehberg, 1943) with a green filter (Schott u. 
Genossen YG9), setting the deflection produced by the blank as 
zero. The photometer scale is logarithmic so that the deflection mea- 
sured from the chosen zero point is a direct measure of the amount of 
coloured substance in the solution, provided that Beer’s law of dilution 
is valid in the present case. 

Fig. 1 presents the relation between the amount of glycine amino-N 
used per analysis and the photometer reading. It is seen that a straight 
line dependency is found, when the amount of amino-N is below 0.07 mg 
per analysis. Above O.oo mg amino-N the results become quite irregular, 
obviously because the quinone is more or less completely used up. 

This is probably one of, the reasons why Kirk and van Slyke (1. c.) 
have failed to find proportionality between the amount of urine used 
and' the colour produced, when using the original Folin method. If the 
urine is duly diluted and a correction for blank is performed, there is 
good proportionality between the amount of urine and the photometer- 
reading. This may be exemplified in fig. 2. 
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Fig. 2. 


2. The Estimation of Glycine. 

A truly quantitative determination of the glycine in plasma and 
urine is hardly possible at present. It is, ho-\vever, possible to fractio- 
nate an amino acid mixture in such a vay, that one fraction becomes 
very rich in glycine, while the other is practically free from glycine. 

One way by which this aim may be reached even on dilute solutions 
is to make use of the great differences shown by the amino acids to- 
wards adsorptives. 

Among all amino acids glycine is apparently the one which is least 
adsorbed for instance by carbon powder (compare Tiseltu.s 1911). 
If the difference between glycine and other amino acids were suffi- 
ciently large, it would be possible to treat a solution of amino acids 
repeatedly with carbon until the fall in araino-N on subsequent carbon 
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treatments corresponded to tliat of a glycine solution treated similarly, 
and tten by back-extrapolation the glycine content could be estimated. 

A series of experiments were made to find out if a glycine estimation 
in this way is possible. The amino acids tested were dissolved in 1 % 
NaCl and the pn was adjusted to 7. 

The amino-N concentration was as a rule chosen in the region of 
the amino-N concentration of the plasma, viz. 4 — 6 mg %. In each 
carbon treatment 30 mg carbon (Scherings Carbo ossium pro analysis) 
per ml solution was used. The results are thus independent of the 
absolute volume treated. 

The solution was shaken with the carbon, care being taken that no 
carbon was floatina on the surface. The solution was filtered, a sample 
drawn for analysis, and then the procedure was repeated until a suitable 
number of carbon treatments had been made. 

The amino nitrogen was determined as described above; but any 
other suitable method may of course be used. Fig. 3 presents the results 
of sorne of these adsorption experiments. The abscissa is the number of 
carbon treatments, while the ordinate is the amino-N content in per 
cent of the starting value. Curves are drawn through the separate 
points; this is done for the sake of perspicuity though it is not strictly 
correct, because the process of adsorption is in these experiments dis- 
continuous. Tyrosine and tryptophane are omitted in the figure, be- 
cause they are practically removed after one carbon treatment. Histi- 
dine is seen to be removed on 2 — 3 treatments and leucine on 4 — 5 
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treatments. Glutamic acid as a representative for the acid amino acids 
is reduced to 10 % after 10 treatments. 

The relatively low adsorption shown by this amino acid is due to 
the fact that the process is carried out at pn 7, far removed from the 
isoelectric point (3.2) of glutamic acid. As it is well knomi ions are less 
adsorbed by carbon than are particles with no net charge. Lysine, beiu" 
a rather strong base, is accordingly removed rather slowly. 

Alanine and glycine are only adsorbed to a very limited e.vtent, 
glycine being definitely less adsorbed than alanine. 

Four carbon treatments will thus remove most monamino mono- 
carbonic acids, whereas the slope of the curve for the 5th to 10th 
carbon treatment indicates if the remaining amino-N’ comes from pure 
glycine or more or less from the other weakly adsorbed amino acids. 

It is necessary now to discuss briefly the relation between the abso- 
lute concentration of the amino acids in question and the relative 
adsorption of the same amino acids. 

The simplest case would arise if the amount of any amino acid 
adsorbed were proportional to the concentration of that amino acid 
in the solution. This cannot, of course, be the case over a wider range 
of concentration, the carbon added having a limited adsorbing surface, 
from which follows a more or less pronounced tendency to saturation 
with adsorbed substance at higher concentrat’on in the solution. Most 
adsorption processes are best described by functions lilce the Fbeund- 
LiCH isoterm: y = k • c'^, where y is the amount of substance adsorbed, 
c is the concentration when equilibrium is reached, and k and v are 
constants depending on the substances concerned in the process. 

But within certain limits the adsorption of the amino acids may be 
regarded as approximately proportional to the concentration. A few 
examples will show this. A solution containing amino acids was diluted 
four times and both the original solution and the diluted one were 
treated 10 times with carbon. The results are shown in tabic 1. It is 
seen that the decrease in amino-jN' is proportional to the starting con- 
centration. 

Table 1. 



rag% nmino-N 

Directly 

After 10 carbon 
treatments 

. . 

Found 

Calculated 

Found 

Calculated j 

0.87 

1.48 

1.47 

5.0 

1..S0 

1.2f. 1 

Same solution diluted four times . . 


A histidine solution (47.5 mg % histidine) decreased to S..^ mg % 
on the first carbon treatment and to l.s mg % on the second treatment. 
The decrease was thus 82 % and 79 % in the two case? although the 
starting valuc.s were widely different. 
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It thus seems permissible to regard the percentual decrease per car- 
bon treatment as a constant between, say,- 1 — 5 mg % amino-N. 

The amoimt of serum filtrate available for the adsorption analysis 
is as a rule limited, especially when human blood is examined. The 
practical performance of the method was therefore adapted to relatively 
small samples and centrifugmg was used instead of filtering. Tor the 
sake of comparison this modification was also used for the urine samples, 
which were moreover diluted so that the amino-N content was 2 — i 
mg %. 

The determinations are performed as follows: 11 ml serum filtrate, 
neutral to lithmus is measured into an angle centrifuge tube, divided 
in ml’s, and 14x30 mg carbon is added. After shaWng and centri- 
fuging the fluid is poured into another centiifuge tube and the cal- 
culated amount of carbon is added. This procedure is repeated until 
5 carbon treatments have been made. Then a sample is drawn for anal- 
ysis and the treatments are continued for further 5 times. 


- 




<1 4: ^ i 

S' f $ g ^ 




Fig. 4. 


The measuring of the carbon may be facilitated by the use of a glass 
tube with piston shown in fig. 4. The tube is provided with marks so 
that the delivery of carbon may be changed from 500 mg to 50 mg. The 
tube is filled by aid of a nickel spatula and it is conveniently emptied 
when the piston is lifted out of the tube, while the mouth of the tube 
is turned downwards. 


8. Estimatiori of tke Sum of Leucine and Valine. 

In a premous paper (Ussing, 1, c.) a micro modification of Fro- 
IiIageot’s method was described wliich enabled the estimation of the 
sum of leucine and valine in one g’s samples of blood and tissues. 
(The amino acids were deaminized and the resulting hydroxy acids 
were oxydized "with chromic acid, only the two amino acids mentioned 
form acetone.) These amino acids were of special interest in the present 
investigation on account of their lack of active groups other than the 
amino group and the carboxylic group. Therefore, it would seem prob- 
able that they were reabsorbed by the same mechanism as is glycme. 

In the form described the method could not, however, be used on 
urine, because the urea would decompose about 10 times the mtrite 
normally used for the deamination process. It was therefore decided 
to separate the amino acids in question from urea. This proved to be 
possible by adsorption of the amino acids in 70 % alcohol solution on 
AI2O3 according to Wieland (1942 a). Under these conditions urea 
is not adsorbed; but urine contains other substances which destroy 
nitrite and which are held back by ALOa, and it was therefore neces- 
sary to increase somewhat the amount of nitrite used. 
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The analy$is_ is performed as follows; The urine is made acid to 
congo-paper with concentrated hydrochloric acid and is then cxtiactcd 
for one hour with ether in a continuous extraction apparatus in order 
to remove |?-hydroxy-butyTic acid and other substances which on oxyda- 
tion might give acetone. The ether is removed by aeration, the soiation 
is neutralized and an amount corresponding to 4 ml of the original 
urine is transferred to a cylinder and 96 % alcohol is added to the 
15 ml mark. An aluminium oxide column is prepared from 5 g Al.Oj 
(Merck) suspended in 10 ml 70 % alcohol in the apparatus described by 
WiEi^AND (1942 b). The urine containing solution and after that 10 ml 
70 % alcohol is sucked through the column. When the column has been 
sucked practically dry, the centrifuge tube acting as a receiver is emptied 
and replaced and then 40 ml water is sucked through the column. The 
amino acids will then be almost quantitatively eluated. The watery 
solution, which has become alkaline during the passage through tie 
Na+-containing AljOa-column, is neutralized and evaporated to ckyness 
in vacuo. 

The residue is taken up in 10 ml water. From the resulting solution 
5 ml is transferred to the pyrex tube in which the deamination is per- 
formed. The procedure is that described by Ussing (1. c.) with the 
exception that the amounts both of n-sulfuric acid and of 2,5 % sodium 
nitrite are tripled. From this point the procedure is identical with that 
described previously, including concentration of the solution by distil- 
lation, oxydation with C1O3 in. acetic acid in sealed ampoules, distilla- 
tion of the acetone formed and colour development in Conway units. 


Table 2. 


i 

( 


} 

I 


Exp- 1 

Exp. II 


mg leucine valine found 
(calculated ns leucine) 

Recover}’ 

1 ml mine 

T ml leucine 
solution 

1 ml leucine 
solution -f 

1 ml urine 

0.O29 

0.470 

0.489 

99 1 

0.029 

0.493 

0,523 

i 

0.048 

0.470 

0.492 

94 

0.055 

0.493 

0.507 

1 


Table 2 shows the results of some control ciqperiments. It is seen that 
nearly all leucine added to urine is recovered. As we have no valine 
available only control experiments with leucine have been performed. 


4. The Determination of Histidine. 

After different methods had been tried it was found that the method 
of Backeb (1940) was well suited for the determination of histidmc m 
urine. Compared with Kappeler-Adler’s method (1933) 
advantage that it is less sensitive to disturbing substances. Moreover 
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Histidine according to Hac/cer 



the Kappeler-Adlek method gives unduly low colour values for low 
concentrations of histidine. 

This deviation from proportionality between histidine concentration 
and coloured substance is also shown by the Racker method, but to 
a lesser extent. Fig. 5 shows the relation between b’stidine concentration 
and colorimeter reading in arbitrary units when a green filter is used. 
This curve has been used for the calculation of the results presented in 

the following. _ . i 3 - i 

In the original Eacker method histidine is determined directly 
on the urine. In certain cases, especially when high concentratiras 
of other amino acids are expected in the urine it would be preferable 
to isolate the histidine before the determination because some aMno 
acids, for instance tyrosine, give a similar though less intense comur, 
while other amino acids like glycine may in high concentrations affect 
the colour-development adversely (compare table 3). n +n 

As stated above histidine is strongly adsorbed on carbon. On. tne 
other hand it was found that histidine is easily eluated again from 
adsoiption on carbon by 50 % acetic acid. • • -t- 

These facts mav be used in a partial separation of histidine from ot er 
amino acids. The following procedure has been used: 15 ml urine is 
neutrabzed to lithmus and one g carbon powder is added. After thoroug 
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shaking the suspension is filtered on a Buckner funnel and the carbon 
layer is washed with a few ml water. The flask is emptied and washed 
and then 15 ml 50 % acetic acid is sucked through the carbon Inver 
The acetic acid, now containing the histidine is concentrated to a s'Uiip 
in vacuo. The residue is taken up in 15 ml water so that each ml corres- 
ponds to one ml original urine. In the subsequent histidine determina- 
tion according to Backer, the precipitation of phosphates with Ba(0H)j 
is omitted, because the solution prepared in the above way is practically 
free from phosphate. 

Table 3. 

Colorimeter reading 


1 ml histidine standard 140 

140 

» » » » -f 2 mg glycine IBG 

m 

9 » -f-4» » 13G 

141 

» » f n -f8 » » 100 


125 

Before reading in the photometer all analyses arc centrifuged to 
remove a slight turbidity. 

This method of partial histidine isolation has as its first aim to get 
rid of glycine, which may occur in the urine in an appreciable con- 
centration when it is given by month. Moreover the greater part of 
the tyrosine is removed because this amino acid is not readily elnatod 
with 50 % acetic acid. This is exemplified in table 4. It is seen that 
about 70 % of added tyrosine is lost when the above histidine isolation 
method is used. 

Table 4. 

25 ml urine 5 ml tyrosine standard {15 mg% tyrosine) adsorbed on 2 •“ 
carbon. Eluation with 30 ml 50 % acetic acid. Eluate concentrated to drynpg 
and taken up in 10 ml water. One ml, corresponding to 0.5 ml tyrosine 
standard -f 2,5 ml urine, taken for analysis. 25 ml urine-f-S ml water treated 
in the same way. 

mg tvrosino % recovery 

found found tyrosine 

0.5 ml tyrosine standard 0.075 

urino-j- water 0.07-1 

urino-{-tyrosino 0.008 32 

As seen from fig. 3 histidine is not entirely removed after one carbon 
treatment, about 17 % being left in the solution. Although in the 
isolation experiments presented here the double amount of carbon is 
used, it is reasonable to assume that about 10 % of the histidine is 
lost. Eecovery experiments with added liistidine w'ouid of course 
been of value, hut have to he postponed till after the war due to lac 
of histidine. As the error in the histidine determination according n 
Backer may sometimes exceed 10 %, the question about the exae 
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recovery is at present of minor importance. Table VIII shows examples 
of histidine determinations directly according to Eackeb and after 
partial isolation as described above. The results show a satisfactory 
agreement. 


The RelatiTC Concentration of BifFerent Amino Acids 
in Plasma and Urine. 

As stated in the introduction it is necessary to know something 
about the relative concentration of the different amino acids in 
the urine and in the plasma, before amino acid ingestion experi- 
ments are performed. Therefore some experiments were done in 
which blood and urine Avere taken simultaneously from the experi- 
mental subjects. Analyses on urine Avere made as described in 
the foregoing. 

The blood, about 40 ml, Avas collected in a centrifuge tube and 
immediately centrifuged. After a quarter of an hour the coagulum 
Avas loosened from the sides of the vessel and the centrifuging was 
continued until the coagulum had contracted. The serum Avas 
measured in a cylinder, 3 a’oI. of Avater and 1 vol. of 20 % trichloro- 
acetic acid were mixed with the serum and the mixture Avas left 
at room temperature for one hour. Then further 5 vols of Avater 
Avere added so that the total dilution became 10 times the original 
amount of serum. The precipitate Avas filtered off and the filtrate 
was measured. A fcAv drops of concentrated hydrochloric acid were 
added and the excess trichloroacetic acid Avas removed by extrac- 
tion Avith ether for one hour in a continuous extractor. After 
neutrabsation the solution was concentrated to a small volume 
in vacuo and then transferred to a cylinder and adjusted so that 
one ml corresponded to one ml of the original serum. On this 
solution the analyses Avere performed. 

The results are presented in tables 5 and 6. Table 5 shoAvs the 
actual concentrations found, Avhereas table 6 shows the concentra- 
tion indices which indicate how many times the different substan- 
ces are concentrated in the urine as compared with the plasma. 

Turning first to table 5 it is seen that the amino-N of the urine 
decreases very markedly on 10 carbon treatments. This is very 
important because it means that glycine is not the all dominating 
amino acid in the urine as was suggested by Abderhalden and 
SoHiTTENHELM (1906). The amount of glycine may be less, but 
not much higher than the amount indicated by the amino-N 
values after 10 carbon treatments. 
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Table 5. 


Amino acids in urine and in serum. 


Subject 


Amino-N mg% 

Leucine -f 
Valine 

rag% 

Histidine 

»g% 

TjTosinoJ 

■ 

Total 

After 10 
carbon 
treatm. 


Urine 

16.3 

7.0 



j 

i 

L 


16.0 

6.8 






Serum 

5.7 

1.75 



i 

i 


5.4 

1.73 

— 

— 



Urine 

16.7 

4.9 



i 

c 


15.G 

4.0 

14 

■ 

1 


Serum 

5.4 

1.30 

10 

— 

) 



5.1 

1..33 



{ 

1 


Urine 

15.3 

4.3 



i 



13.9 

4.3 

13.5 

, 

. - ■ 

L. J 

Serum 

6.5 

1.59 

lO.G 

, 

1 



6.8 

1.59 



1 


Urine 

18.0 

5.G 

3.0 

18.G 

cn. 10 ' 

B 


17.0 

5.8 


17.8 



Serum 

5.4 

0.9G 

6.7 

ca 6 

f> ■' 



5.3 

0.92 



. 


Similarly only a minor part of the amino-N of the serum comes 
from glycine. Leucine + valine (calculated as leucine) is remark* 
ably low in the urine compared with the amount of these amino 
acids in serum, Whereas the concentration of total amino-N and 
of amino-N after 10 carbon treatments is much higher in the urine 
than in the plasma in all cases, this is not the case with leucine 
and valine. In one case the concentration of these amino acids is 
even higher in plasma than in urine. As to histidine the value 
found for blood is probably somewhat high. During the colour 
development a blue colour appeared first which later vanished, 
or it was possibly covered by the orange red colour coming from 
histidine. This blue colour indicates the presence in the blood of 
a substance which also gives a colour reaction under the condi- 
tions of the analysis. The blue colour was repeatedly seen when 
analyses on serum filtrates were performed. An attempt was 
made to isolate histidine from ox serum filtrate by the carbon 
treatment method, but no histidine could be detected although 
the direct determination gave 3 mg % histidine. 

Table 6 shows that the amino acids left after 10 carbon treat- 
ments have a somewhat higher concentration index than have 
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the bulk of amino acids. Leucine + valine on the other hand have 
a definitely lower concentration index. Histidine seems to behave 
like the bulk of amino acids, but as mentioned the serum value 
for histidine may be too high, which means that the concentration 
index calculated may be too low. 


Table G. 

Concentration index of different amino acids. 


Subject 

Tolfll nmino 
acid 

Amino acid 
after 10 
carbon 
treatm. 

Leucine -f 
Valine 

Histidine 

Tyrosine 

L 

C 

2.9 

3.05 

9 o 

3.90 

3.6 

1.1 

1.3 

0.15 

— 

— 

L. J 

2.72 



B 

3.2S 

6.1 

3 

ca. 5 


It is obvious from the data presented here that the amino 
acids are not treated equally by the reabsorption mechanism of 
the kidney, but it is left undecided whether the amino acids are 
reabsorbed by one mechanism which prefers leucine and valine 
for glycine or whether the different amino acids are reabsorbed 
by more or less independent mechanisms. It may be assumed, 
however, that if one mechanism is responsible for the reabsorp- 
tion of all amino acids it would be difficult to saturate the mecha- 
nism with glycine to such an extent that leucine and valine were 
excreted in abundance whereas a definite histidine excretion 
might result from a suitable saturation of the reabsorption mecha- 
nism with glycine. 


The Amino Acids Excreted on Glycine Intake. 

The subjects were fasting, but were allowed to drink a cup of 
tea two hours before the beginning of the experiment. One hour 
before the taking of glycine the bladder was emptied, and the 
urine formed in the last hour was used for the control deter- 
minations. 20 g of glycine or, in one experiment, 26 g were given 
in 150 ml water and the urine was voided after one hour and again 
after 2 and in some experiments after 3 hours. In the first two 
experiments the mine from the first one hour period was used 
for the analyses, but as it was found that the maximum excretion 
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of amino-]Sr was readied in the second hour, determinations were 
made on the mine from this period and on the mine from the 
third one horn period as well. 


Tnlilo 7. 


Last one honr pe- 
riod before tak- 
ing 20 g glycine 

Urine 

sample 

ml 

Total 

amino-N 

mg% 

Amino-F 
after 5 
carbon 
treatm. 

Amino-N 
after 10 
carbon 
treatm. 

Histidine nig% 

Directly 

After 

isolation 

50 

19 

— 

11.5 

25.2 

26.2 

— 

I. 

First one hour pc- 





22.0 


riod after gly- 

37 

63 

— 

58 


— 

cine intake 





28.2 


Last one hour pe- 


21.5 

12.7 

11.7 


19.1 

riod before tak- 

50 







ing 20 g glycine 


20.8 

13.5 

10.9 


19.8 

First one hour pc- 


66.3 

55.7 

47.G 


18.8 

II. riod after gly- 

47 




— 


cine intake 


68.2 

52.9 

45.0 


18.6 

Second one hour i 


158 


1 



period after gly- 

60 


— 


— 

— 

cine intake 

1 

154 


1 




The results are shown in tables 7, 8 and 9, Taking table 7 first, 
it is seen that, whereas the excretion of total amino-jN’ is more 
than tripled after the glycine intake, the histidine excretion is 
not affected. In the next experiment (table 8) similar results were 
found for the first one horn period. In the second period the 
amino-N increases still fmther and is now 9 times the normal 
value, but still the histidine excretion is imaffected. The last col- 
umn shows the excretion of tyrosine as determined by Aenow s 
modification of the Millon reaction (Aknow, 1937) on ether extract- 
ed mine. The values are not corrected for the blank coming from 
the mine pigments. This blank is about one third of the value; 
but even so it is obvious that the excretion of tyrosine is practi- 
cally unaffected by the excessive amino acid excretion produced 
by glycine. The determinations of amino-N after 5 and 10 carbon 
treatments show, that whereas glycine, or amino acids adsorbed 
equally little as this amino acid, play a minor part in the control 
period, this group of amino acids dominate after the glycine 
intake. Indeed all the increase in amino-N seems to originate from 
glycine. This may be shown by a back calculation from the 
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Table 8. 



Urine 

sample 

ml 

Total 

amino-N 

rag% 

Amino-N 
mg% after 

5 carbon 
treatm. 

Amino-N 

mg% 

after 10 
carbon 
treatm. 

Histidine 

nig% 

Tyrosine 
rag% not 
corrected 


Foxmd 

Cal- 

cul.* 

Found 

Cal- 

cul.* 

Direct- 

ly 

After 

isol. 

for blank 

I.^st one hour 



■ 




18 

20 


period before 
taking 20 g 
glycine 

78 

20.4 

B 

11,2 

8.1 

7.5 

17.8 

19 

15 

First one hour 


75.4 





Ml 

18.5 


period after 
glycine intake 

00 

76.4 

7a 

73.0 

70 


B 

18.0 

12.5 

Second one 




165 

160 

149 


18.5 


hour period 
after glycine 
intake 

62 



167 

1 

168 

156 

i 17.0 

i 

17.2 

10 

Third one hour 


159 








period after 
glycine intake 


157 





j 18.0 

t 




amino-N after 10 carbon treatments, assuming that the slope of 
the adsorption-curve is that of glycine (see fig. 3). It is seen that 
the values found for amino-N after 5 carbon treatments and 
before the treatments are very nearly identical with the values 
calculated. Even when due allowance is made for experimental 
error it is clear that nearly all amino-N excreted after glycine 
intake comes from glycine. 

A similar experiment is presented in table 9. The subject was 
given 25 g glycine in 200 ml water. In this experiment the diureses 
varied more than in the other experiments. It is seen that the 
concentration of histidine is constantly falling, but at the same 
time the amount of urine excreted per hour is increasing, so that 
the histidine excretion per hour is nearly unaffected by the 
increase in amino acid excretion following glycine intake. The 
amino-N excretion reaches its peak in the second hour period 
after glycine intake. From the rate of decrease in amino-N during 
carbon treatment it is concluded, just as in the foregoing experi- 
ment, that glycine only is excreted (in excess) when this amino 
acid is given to the subjects. 

* Calculated on the basis of amino-N after 10 carbon treatments, under the 
assumption that all amino-N originates from glycine. 

14 — i502G6. Acta ph}/s. Scandinav. Vol.9. 
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X 60 X == 300 mg. In the second one hour period after glycine 

ingestion in the same experiment the amino-N content of the 
urine Avas 280 rag % of which some 260 mg % may be regarded 
as excess excretion. The volume of urine from this period was 

64 

64 ml. Thus the excretion Avas 260 X— = 166 mg; while 300 mg 

amino-N have filtered out, only 166 mg haA’^e been excreted. This 
calculation is of course very approximative, but if the figures 
are in error, the true values are likely to give a greater difference 
between the , amino-N filtered out and the amount excreted. 
At first sight this seems to indicate a rather efficient reabsorp- 
tion of glycine cA^en when considerable amounts of this amino 
acid are excreted; but the apparent reabsorption of nearly half 
the filtered glycine from urine containing many times the normal 
amount of ainino-N is probably best explained as a back diffusion, 
just as the major part of the urea diffuses back to the blood ac- 
cording to Rehberg (1926). 

The reabsorption at normal plasma amino-N concentration 
cannot be explained as the result of diffusion. Diffusion is propor- 
tional to the concentration difference, Avhereas the experiments 
of Kirk (1. c.) and the results presented here show that the amino-N 
clearance increases Avith increasing serum amino-N. 

Thus at least two factors seem to be of importance for the re- 
absorption of glycine: 1) back-diffusion which sets in when the 
amino-N concentration in the tubuli becomes higher than in the 
blood, and 2) either a specific mechanism which is only active 
when the glycine concentration is beloAv a certain level, or, in 
analogy Avith the reabsorption of other treshold substances, a 
mechanism which can only transfer a certain amount of glycine 
per unit time. 

The experiments described in the foregoing chapter seem to 
indicate that glycine is not reabsorbed by the same mechanism 
as are the other amino acids. This result leads to the question if 
there are indmdual reabsorption mechanisms for each of the 
more than twenty knoAvn amino acids. 

A closer discussion of this problem may seem premature until 
the excretion conditions of more amino acids are known. It may, 
hoAvever, be permissible to point out a possibility which would 
make the assumption of the many indiAudual mechanisms easier 
to accept. 
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If the tubule cells were able to synthesize protein at a fairlv 
high rate from the amino acids in the lumen of the tubuli, then 
the amino acids would be reabsorbed in relation to their molecular 
ratios in the assumed protein. Any amino acid being in excess 
would on the other hand be excreted. Thus it could be explained 
that the ingestion of large amounts of glycine leads to the excre- 
tion of that amino acid only. The protein formed might then be 
split into amino acids again in the abluminar part of the cells. 
The study of protein formation in the latest years by the aid of 
isotopes (SoHOENHEiNER, Eatner and Eittenberg, 1939, IJs- 
siNG, 1941) and ultra-vdolet-absorption (Caspersson’s school, 
see for instance Hyd^ n, 1943) have revealed that protein renewal 
may proceed at an astonishingly high rate, so that quantitatively 
the supposed reabsorption mechanism might well be able to work. 

Summary. 

1. Methods are described for the estimation of total amino-E, 
glycine, leucine -j- valine and histidine in blood plasma and urine. 
The amino-N determination method is a modification of Folin's 
method. Glycine is estimated from the fall in amino-N on repeated 
adsorptions on carbon. 

For the determination of leucine -f valine in urine a method 
is described modifying a method previously worked out by the 
author for the determination of the sum of these amino acids in 
small tissue samples. 

Histidine is partly isolated from urine by adsorption on carbon 
and eluation with 50 % acetic acid. 

2. The content of different amino acids in plasma and urine 
from human subjects is examined. It is found that glycine is not 
the all dominating amino acid, neither in plasma nor in urine. 

Moreover it is found that the concentration index for glycine 
(possibly -f- other little adsorbed amino acids) is somewhat higher 
than that for total amino-N. Leucine and valine are very effi- 
ciently reabsorbed compared with for instance glycine and histi- 
dine. 

3. The effect of glycine ingestion in human subjects is exam- 
ined. It is found that the talcing of 20 — 25 g glycine may increase 
the amino acid content in the urine up to 14 times. The excess 
excretion is, however, shown to consist of glycine only, the excre- 
tion of histidine and tyrosine remaining at the fasting level. 


RBABSORPTIOX OP GLYCrNE. 


213 


4. The results are discussed and a working hypothesis is set 
forth to explain the apparent independent reahsorption of glycine 
and other amino acids. 

The author is greatly indepted to Professor Ejjogh and to Dr. 
Eehberg for the interest they have shown in my work. I likewise 
wish to thank Mrs. K. Christiansen, who has made many of 
the analyses. 
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In the course of an investigation of the permeability of brain 
capillaries to different substances •which is being carried out in 
this laboratory, a method was required for the determination 
of minute amounts of chlorofom in tissues and blood. The demands 
to a suitable method were the following: 1) Concentrations ranging 
from 0.1 mg/g to 1 mg/g were to be determined within a probable 
error of no more than 5 %. 2) The samples of tissue should not 
exceed 1 g or in some cases 0.5 g. 

All attempts to adopt the wellknown method of Nicloux 
( 1927) for the pmpose were unsuccessful, but at last we succeeded 
in making a modification of the method described by Cole 
(1926) which could fulfil the above requirements. Use is made 
of a coloured substance which is formed when chloroform is 
heated with pyridine in strongly alkaline solution. 

In Coeb’s performance of the method, the coloured pyridine 
layer, which is formed on account of the immiscibility of pyridine 
and strong alkali, is pipetted off and compared with a standard 
colour. 

It is impossible to make this comparison in a photometer, 
since the pyridine layer is opaque from, a content of minute 
droplets from the underlying watery solution. This was one of 
the reasons why the original method, despite being very sensi- 
tive, was not directly suitable for our purpose. 

As the mutual solubility of two substances is as a rule aug- 
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mented by the addition of a third substance wbicb is miscible 
with both, we added etbyl alcohol to the opaque pyridine which 
contained the coloured substance, and the result seemed at first 
satisfactory as the solution became quite clear. The results were, 
however, subjected to irregular deviations; the reason proved 
to be that the coloured substance acted as a pH indicator, only 
showing the maximum colour in the extreme alkaline region. 
Even the COj from the air sufficed to fade the colour, and 
breathing directly into the test tube containing the pyridine- 
alcohol mixture eventually made the colour disappear. 

Therefore alkaline alcohol was introduced for clearing the 
pyridine layer and since then it has been possible to make mul- 
tiple determinations on known solutions with small deviations 
only (see table 1). 

Table 1. 


Colorimeter reading. 


6 samples of 0.4 ml 
chloroform standard 

Determinations on 

7 samples of the 
same chloroform- 
containing blood 

170 

190 

170 

194 

170 

190 

161 

190 

173 

190 

170 

193 


191 


It should be recommended, however, to make the readings 
in the photometer within 5 — 10 minutes after diluting the pyridine 
phase, as the coloured substance is not quite stable over a longer 
period. 

As the method was to be used on blood as well as on tissue 
samples it was impossible to use Cole’s technique, viz. extrac- 
tion with acidified water. A distillation method had to be worked 
out which would allow the quantitative recovery of the chloro- 
form content of the sample. In accordance with the poor solu- 
bility of chloroform in water, the vapour tension of chloroform 
when dissolved in water is extraordinarily high. It is obvious 
that the loss of chloroform due to evaporation to the air during 
the distillation, would be much reduced if the chloroform vapour 
were trapped in a liquid with a higher dissolving power towards 
chloroform. 
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To obtain sticli conditions tba nnmnv tip of iIjc neck of the 
distillation apparatus is ending under a nifiasurc-d arnoant of 
pyridine in the graduated test tuiie serving as a receiver. Tlie 
teat tube is placed in an ice bath to further diminish the lo?? hv 
evaporation- 

Tlm distillation is performed as a steam distillation. This inethod 
proved to be preferable to direct lieatinjr on the distillation 
flask, which Fometimes produced t'o)ati)e eolourcal substances 
dtic to decomposition of organic matter. 

When blood or tissue samples are diMtillcd, a suitable arnoiint 
of .sodium tungstate arid sulfuric .acid is .added in order to pre- 
cipitate the protein and so jirevent fuaming. The mixture of 
Na-tungstafe and sulfuric aeid is .so adju.'-fed .a.s to give a faintly 
acid .solution, which prevents a possible fieeompo.sitinn of chloro- 
form, 

rerforniancc of tlio Analysis. 

'I'he reagents u.sod are the following; 

rotassjum hydro.xydc 60 % irs ’water 
Pyridine (or ‘■’pyridine base”) 

06 To alf^ohol 
26 vol% .sulfuric acid 
10 % .sodium tungstate 
chloroform s-t.nndarrl solution (see below). 

Pure pyridine 111 : 1 }' be U'^vtl; but duetothetvar 
conditions we had only a very limited ameuti! of 
this .siibptance nvailafile. 

In pr.ictically a!i e.xperiascats ^pyridine ba'c » 
n mixture of pyridine homologne-; with at most 
60 [ijTidine content, ws.s used and app.'.rently 
the colour develops just as well with this mixture 
as u-ith pare pyridine. 

Tile chloroform standard solution is kept in 
a gas .eanijilinc vcs.se! over mercury {sec fig_. 1) 
.so that (hero m no air space over the solution. 
Sample.? are drawn through the cock in the top 
of the ve.s.sel with a Knoons syringe pipette 
{Knoon, 1P35), which fit? in .a short rubber tube 
on the outlet of the cock. 

The st.andard solution is prepared as follows: 
.bO ml ivatcr {prcviou-sly freed from air by hoik 
ing) is introduced into the vessel followed hr 
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15 mm3 puj-e cliloroform delivered by a Keogh syringe pipette with 
a tip long and narrow enough to reach through the bore of the cock; 
after this another 50 ml water is taken in and then the cock is closed. 
(During the whole procediure no air should be allowed to enter; the 
water is slowly sucked in by lowering the levelling bulb shown in the 
figure.) The lower cock is closed too, the vessel is disconnected from 
the levelling bulb, shaken vigorously and allowed to stand over night 
so that the small amounts of chloroform adhering to the walls of the 
vessel may dissolve. 

The vessel is now connected again with the levelling bulb and is 
ready for use. Kept in the dark this standard, containing O.gc mg 
chloroform per ml, is stable for months. 


1. Determination of Chloroform in Blood. 

One ml blood (less if the content of chloroform is expected 
to be above 0.05 mg) is measured into the distillation flask I 
(fig. 2), using a Krogh’s syringe pipette. The flask which 
should beforehand contain 4 ml water, 1 ml sodium tungstate 
solution and 0.2 ml 25 % sulfuric acid, is now quickly con- 
nected ivith the distillation apparatus. A test tube with a 
mark at 6 ml and containing 1 ml pyTidine serves as a receiver 
(if a high content of chloroform is expected 2 ml pyridine may 
be used). 



Fig. 2. 
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The cock between the distillniion flask and the steam generator 
is opened and the distillation is continued until the 0 ml mark 
on the receiver is reached. 

Through the tube A air under moderate pressure may he let in at 
intervals if a tendency of sucking hack from the receiver to the fiistil- 
Int ion flask should devolo]). I f cveji boiling is nmintained in the generator, 
such precautions will as a rule he unnecessary. 

Two ml 60 % KOH is now ad<lcd to the distillate and the con- 
tents of the tnhc are very thoroughly mi.ved. 

A known nmonnt of cliloroform standard solution is measured 
into a similar tube, also containing 1 ml pyridine. Water is .added 
to the G ml mark and KOJf is ndrlcd as above. The tubes, loosely 
corked, are heated l.b minutes in a boiling water bath. After 
cooling 0.5 mi of the su])ernatant pyridine })hnse. is measured 
into a small test tube and diluted with -1 ml alcohol and 0.5 
ml GO % KOH. After mixing the solutions are compared in the 
photometer, using a green filter. 

2. Dotorminotions on Tissuo Samples. 

Two methods have been used, one being suited for all tissues 
while the second is specially suited for brain tissue for which 
on the other hand it gives very reliable results. 

First method: The tissue samples are immediately frozen in 
dry ice and kept so until they are to be analyzed. A suitable 
amount (about one g) tissue is pulverized in a dry ice cooled 
mortar; the powder is transferred into a weighed distillation 
flask containing 4 ml water and rni)idly weighed again. After 
thi.s the procedure is identical witli that described for blood. 
To be sure tlint no chloroform is left in the tissue it is advisable 
to continue the distillation, into n fresh receiver with pyridine 
when the mark has been reached in the finst one. When the mark 
of the second receiver has been reached the distillation may be 
stopped. A third distillate seems never to give any colour. 

Second method: The br.ain is frozen in situ with dry ice. Suitable 
samples are excised and transferred directly to the interior of 
a cooled injection sjTingc from which the piston has been pulled 
out. Then the piston is replaced and pushed in until most of the 
air has been expelled. The contents of the syringe is allowed to 
thaw, the syringe is weighed with the cannula put on. (The can- 
nula is 10 cm long and with a 1 mm bore.) It is now possible 
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without undulj hard pressure, to expel a suitable amount of 
the brain through the cannula directly into the distillation flask 
upon which the procedure is identical with that used for blood. 
The sjTinge is weighed again in order to determine the amount 
analysed. Several determinations may be made from the contents 
of one sjTinge. 


Discussion. 

As seen from table 1 the results can be well reproduced. Table 
2 gives a comparison between samples of chloroform standard 


Table 2. 


i 

Determined 

Distilled from 


directly colon- 

1 ml blood colori- 


meter reading 

meter reading 

0.2 nil chloroform stnnclnrd 

112 

lOS 



113 


114 

123 

0.4 ml chloroform atandard 

230 

223 


226 


solution determined directly and distilled from a solution with 
added blood. It is seen that no loss takes place during distilla- 
tion. Moreover it is seen that the colour intensity (expressed 
in the photometer reading in a logaritlimic scale, compare Reh- 
BERG (1943)), is proportional to the amount of chloroform in the 
sample. Table 3 shows some determinations made on tissues 

Table 3. 



Chloroform 


mg/g tissue 

' Brain, powdered in drj' ice cooled mortar 

0.152 


0.15G 

iSamo brain minced at room temperature 

0.106 

Liver, powdered in dry ice cooled mortar 

0.7G4 


0.7 6G 

Same liver, minced at room temperature 

0.55G 


0.485 


from a rabbit which had got an intravenous injection of a chloro- 
form solution, pulverized in the frozen state and minced quickly 
at room temperature; it is seen that considerable losses occur 
if vigorous cooling is omitted. 
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Tal)lo 4. 



Sample 

g 

1' diat. 
reading 

2' dist. 
reading 

3' dist, 
reading 

Total 

reading 

0.2 ml 
chlorof. 
standard 
reading 

mg 

chloro- 
form in 
sample 

mg 

chloro- 
form pr. 
g tissue 

Guinca-pve- 

0.482 

73 

10 

2 

85 

112 

0.095 

0.206 

brain 

0.305 

4C 

6 

0 

51 

114 

0.000 

0.19G 

Cat-brain . . . 

0.040 

30 

8 

1 

39 

104 

0.049 

0.077 


0,534 

33 

0 

0 

33 

104 

0.042 

0.078 

Gat-brain . . . 

0.732 

39 

6 

0 

46 

90 

O.OCS 

0.091 


O.G05 

36 

3 

0 

39 

87 

0,058 

0.083 


0.070 

42 

2 

0 

44 

87 

0.0G5 

0.097 


Table 4 sbows some determinations on chloroform containing 
brain from a guinea-pig and two cats, performed according to 
the second method mentioned above (the brain is squeezed out 
into the distillation flask from an injection syringe). It is seen 
that good accordance is obtained between duplicate determina- 
tions and the losses due to evaporation are bound to be low. 
Moreover it is improbable that any chloroform is held back 
in the brain tissue as the third distillate is practically free from 
chloroform. This technique is probably the best way to get 
reliable determinations on brain; most other tissues are, however, 
too rigid to allow the squeezing-out procedure. 


Summary. 

Cole’s chloroform determination method is modified so as 
to permit the use of an electric photometer. A distillation tech- 
nique is described which permits the quantitative determination 
of chloroform in blood and tissues, especially brain tissue. 

I wish to thank Professor Keogh for the constant interest 
he has taken in my work. I am likewise indebted to Mrs. I. Lund- 
QUiST and Mrs. K. Cheistiansen who have performed most of 
the analyses. 
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Destroying Fish Factor. 

By 
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After Green, Carlsson and Evans (1941) had discovered that 
a disease of foxes, caused by feeding fish, could be cured by 
thiamin, it -vvas of interest to investigate in what manner this 
inactivation was accomplished. There were several possibilities. 
The thiamin could be enzymatically inactivated, or combine with 
a specific protein in a manner similar to the inactivation of biotin 
by aAudin (Eakin et al. 1941). It may also be significant that 
jRose in 1938 reported that animals deprived of valine exhibited 
unusual symptoms, including sensitiveness to touch and absence 
of muscular co-ordination, symptoms which are als6 exhibited 
by foxes suffering from Chastehs paralysis. Through the in- 
vestigations of Sealock et al. (1943) and Kr.amritz and Wolley 
(1944) it was shown that thiamin was inactivated by enzymes 
present in the viscera of carp. The latter authors also demon- 
strated that, in the reaction, thiamin was split up into the pyri- 
midine and thiazole halves. Eecent researches from this laboratdry 
demonstrated the presence of rather high concentrations of valine 
in fish protein (Agren, 1944). The thiamin inactivating factor has 
been fbimd in 11 of 30 investigated Swedish fishes (Lieck and 
Agren, 1944). In the latter paper the enzymatical reaction was 
also studied. It was demonstrated that the inactivation of the 
thiamin molecule was probably not effected by an oxidative pro- 
cess. In the present paper, interest was concentrated on reductive 
inactivations of thiamin. 
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Experimental . The tliiamin-inactivnting fisli factor was extracted 
from viscera of carp, crucian, idc and rudd. The viscera were collected 
using the same precautions as previously described, and were stored 
at — 15° (Lieck and Agren). Thiamin was determined by the method 
of Mklnick and Field (1938), as described in the previous paper. It 
was assumed that no real inactivation Jiad taken place unless the ex- 
tinction values of tlic digestion tests were more than 20 per cent lower 
than the control tests. When not otherwise stated 1 ml aliquots of 
thiamin solutions containing 700 y of vitamin were incubated with 
3 ml of fish extract and 1 ml of 0.04 M phosphate buffer pH 7.4 for 2 
hours at 40°. Subtraction of the number of micrograms tliiamin found 
in the digestion test from that of the control test gave the amount of 
thiamin destroyed. 

Itesnlts. As sliown by Williams et al. (1935), thiamin is split 
up into pyrimidinesulfonic acid and thiazole by the action of 
acid sulphite. 

CV.H,«N40S + ILSO,— > + CeH.NOS 

The quaternary thiazole is thereby reduced to a tertiary. The 
optimum of the reaction is at pH 5 and in bicarbonate buffer the 
reaction can be disregarded (Lip.mann, 1938). This lessens the 
physiological interest of the reaction. Wlien searching other re- 
ducing substances it was found that both cysteine, glutathione 
and ascorbic acid in low concentrations reacted with thiamin to 
give a compound which could not be determined with the method 
of Melnick and Field. 

The experiments were carried out in the following way. A series 
of tubes, each containing 700 micrograms of thiamin, enough water 
and 0.04 M phosphate buffer pH 7.4 to make 4 ml, and 1 ml of 
the reducing solution to be tested, were incubated for 2 hours at 40°. 
After the incubation 5 ml of water were added to each tube, and 2 ml 
of tills solution were used for the thiamin determination. Tlie values 
obtained are directly comparable with those obtained in the analysis 
of fish viscera. The results of a typical series of determinations are 
given in Table 1. 

Cysteine was about tliree times as active as glutathione, which 
was to be expected, as the cysteine equivalent of glutathione 
constitutes about of the molecule. Vitamin C was not quite 
as active. Similar series of analysis were also carried out with 
cocarboxylase, 960 micrograms being used in each test.^ This 
amount corresponds to 700 microgram of thiamin. As demonstrated 

» Thanks arc due to the Ferrosan Corporation, JIalmo, for supplie.s of cocarb- 
oxylase. 
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TnI)lo 1. 

The inadivaiin^ effect of cysteine, glutathione and vitamin C 
on solutions of By 

l-IO microgram of Bj give the extinction value 0.40. 


Rcthiring fiubstanco 


E.xtinction values after the addition of the ^ 
foltowdng ninounta of reducing substances 
in mg. 


1 

i 

i 1 

5 

1 

iiQimii 


1 

1 

! Glnt.'ithione 

0 1 

i 0.20 

0.40 1 

0.4 0 i 

0.39 

! Crstcinc 

: 0 j 

' 0.07 ' 

0.34 

0.30 

0.40 

; Vitamin C 

i 0 : 

1 0.30 

0.4 0 

0.41 

0.49 


Thiamin "‘as allowed to react witli the reducing .substances for 2 liours at •10'’ 
whereupon the rcaclion did not proceed any longer. 


by Melnick and Fif.ld (1938) the pbospborylated tbiamin re- 
acted with the diazotized p-aniinoaceto])lienon to yield coloured 
solutions (orange to pink). The colour was not soluble in xylol, 
and was read off in the water solutions using filter S 53 and 1 cm 
cups. Tl’O figures obtained were taken to a calibration curve 
constructed from the values obtained with standard solutions of 
cocarboxylase. Tiie colour of the tests with cocarboxylase and 
glutathione was more yellow, and could only be estimated very 
roughly. Table 2 sliows the influence of cysteine and glutathione 
on focarboxyiaso. 

Tabic 2. 

The inactivating effect of cysteine and glutathione on solutions 

of cocarborylasc. 

IQO microgram of cocarboxjdaso give the extinction value 0.35. 


1 E.vtincfion values after the addition of the ! 

i following .amounts of reducing substances i 
I’.cducing (“ulwtfincc ; in mg. 


1 ^0 

5 

1 

0.5 

Glufalhionc* 

1 0.15 

0.39 

0.38 

0.37 

Cysteine 


0.1 0 

0.35 

0.34 1 


Cocarboxj’lnse %vas allowed to react with the reducing substnncc.s for 2 hours at 
4tT whereupon the reaction did not proceed any longer. 


On the whole cocarboxjdase was not so easily reduced as thia- 
min. In the attempts to study the reaction, interest was focused 
on the rc.sults obtained by LifmaNn (1938) when he investigated 
the reduced thiamin. The function of the pyridine coenzymes as 
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liydrogen transporters in biological oxidations, as demonstrated 
by Warburg and Christian (1936), depends on the alternative 
hydrogenation and deh}’tlrogenation of the double bond adjoining 
the quaternary nitrogen in the nicotinic acid amide part of the 
niolccule. Kuhn and Vetter (1935) showed that tliiamin in the 
presence of Pd adsorbed 1.08 moles of H.. Lipmann (1938) pointed 
out the similarity in structure of the thiazole portion of the thia- 
min molecule to that exthnt in the pyridiniRm compound. He, 
too, wms able to reduce the vitamin, either with hydrogen acti- 
vated by platinum black or wdth hyposulphite. In phosphate solu- 
tions at pH 7.9 0.9 moles of IH was taken up per mole of thiamin. 
The reduction with hyposulphite was followed by the mano- 
metric method of Haas (1936), in which decomposition of a bi- 
carbonate solution by the acid formed through the oxidation of 
hyposulphite is measured. 

Na,S,0, -}- X -}- 2H,0 — 2 NaHSO^ + X — H. 
NallSOa 4- NaHCOa — Na^SOs -f H.O + CO- 

2.7 moles of CO. were evolved per mole of thiamin. As only about 
2 atoms of hydrogen were taken up in the presence of platinum 
black, the “extra acid” must result from a side reaction. War- 
burg had observed a similar formatibn of extra acid in the hypo- 
sulphite reduction of the pyridine coenzymes, and Lipmann fol- 
io-wed Warburg’s explanation of that reaction in his inter- 
pretation of the reduction of thiamin. Lipmann believed that the 
reduction takes place at the double bond of the quaternar}’- nitro- 
gen. Therefore, only 1 hydrogen atom is added. The other is split 
up into a proton and an electron. The latter neutralizes the posi- 
tive charge of the quaternary nitrogen, and the extra proton ac- 
counts for the extra mole of acid formed. 

Lipjiann and Perlmann (1938) extended Lipmann’s earlier 
experiments, and demonstrated that it is the thiazole and not 
the pjTrimidine portion of the thiamin molecule, which is reduced. 
Lipmann’s results were verified by Stern and Melnick (1939), 
■who also demonstrated that cocarboxylase was reduced by pla- 
tinum black and hyposulphite in the same manner as thiaihin. 
However, the biological significance of these results are not clear. 
The reduced forms of thiamin and cocarboxylase are biologically 
inactive and not autoxidable. 

For several reasons it was of interest to determine if the re- 
duced form of thiamin obtained by Lipmann reacted -with diazo- 
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tizcd p-aminoacetoplienon. If no coloured product was formed 
the compound formed in the interaction between glutathione, 
cjsteine and mtamin C on one side, and thiamin on the other 
could be the same as that obtained by In such a case, 

it would also be more easil}’’ understandable why only 5 — 16 % 
of large test doses of thiamin given to animals and men, satu- 
rated with Bi, can be regained in the urine. The rest would be 
excreta in the form of the reduced vitamin. 

The experiments were carried out in the same maimer as described 
by Haas. To 5 ml TnuxBEKO tubes were added 1 ml 1 % NaHCOj 
and 1 ml (700 microgram) tliiamiu solution. The oxygen in the solu- 
tions of the tubes was replaced by oxygen-free nitrogen by evacuation 
in the usual way, and then 0.2 ml of a l.s % NaHCOj solution con- 
taining different amounts of Xa.S.04 was added and the tubes again 
filled with nitrogen. The tubes were then incubated at 30° for 2 hours. 
After this time the reaction should be ended {Lii’MAXX, 1938). The 
contents of the tube.s were diluted to 10 ml with water and 2 ml used 
for analysis. The results of a U’jiical series arc given in Table 3. 

Table <1. 

T/tc inieradion l/dicccn ihiamin and hi/posulphitc. 


2.iy. ICT^ roilliraok thiumin incubatwl for 2 hours with difTcrent amounts o 
hypojulpiiitc. MO niirrogram of thiamin giro tho extinction value O.iO. 


] 


1 Extinction vnluo nftcr incubation -with InTJo- 

1 

Sample 

1 K« 

Iphitc in millimole X 10^ 

1 

\ 

) 

i 0 

1 

o 

3 

1 B, ~ Ku 
1 B, in 



jHCO, 


0.30 

0,25 

0.12 


'\Mien the molar relationship between thiamin and hj-posulphite 
was 1 : 5, no inactivation of B, as determined with the diazo 
method could be obscrv'cd. A similar relationship between the 
substance to be reduced and the reducing substance was used by 
Haas in bis investigation. Melkick and Field used 1 mg of 
thiamin and 3.5 mg of KaiSjO, Accordingly, it would seem as if 
the reduced thiamin of LrritAXX could be determined wdth the 
diazo method. The inactivation of thiamin observable when greater 
amounts of hj-posulpbite are used, is probably connected with 
a further reaction of another type, also observed by Lifsiakn 
and by him ascribed to the saturation of a second double bond 
in the thiamin molecule. 

15 — iS02GS. Ada phps, Bcandinav. Vol.O. 
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From the results of the above experiments it would not seem 
unprobable if the product formed in the interaction between 
thiamin and the reducing substances, such as cysteine and gluta- 
thione, is not the reduced form of the vitamin obtained by the 
addition of 1 mole of H, to the molec'ule of thiamin. It is pos- 
sible that a reaction similar to that accomplished by sulphite oc- 
curs, i. e. the thiamin is split up into two halves. The same re- 
action occurs when the tliiamin inactivating enzyme of fish viscera 
interacts with its substrate. Accordingly, it would notbe surprising 
if this reaction also was a redaction. The possibility was further 
investigated. 

First an attempt was made to inactivate the enzyme by dialysis, and 
to reactivate the inactive enzyme with glutathione. That the enzyme 
was inactivated by dialj-sis bad previously been described by us (Lieck 
and Aguen) and by Kuampitz and W01.T.EY. As the latter authors 
demonstrated, the enzyme could be partially reactivated b}' incubat- 
ing the non-dialysnblc part with the dialysatc. Ground, frozen idscera 
was extracted with an equal volume of water by shaking at 0“ for 1 
liour, followed by centrifugation for 20 minutes at 3,000 r. p. m. 
Usually 40 ml of the centrifugate were dialyzed for 24 hoius against 
water or different buffer solutions which were renewed 3 times in all. 
The 5,000 ml of dialysatc were concentrated in vacuum at 15'’ to 40 
ml. In the enzymatical tests the neutralized non-dialysable solution 
was diluted with water, an equal volume of concentrated dialysatc or 
a solution of glutathione, and incubated %vith vitamin in the usual way. 
Table 4 gives some of the results. 

The non-dialysable portion of the fish extract after the dialysis 
against water or acetate buffer pH 6.0 was often fairly active At 
the same time it was observed that a precipitation was formed 
during the dialysis The precipitate was solved at the neutrabza- 
tion of the non-dialysable portion to pH 7.4. If the precipitate 
was centrifuged before neutralization, the non-dialysable extract 
was inactive. Obviously the enzyme was precipitated in the vi- 
cinity of pH 5, either depending on adsorption to other isoelect- 
rically precipitated proteins or on the insolubility of the enzyme 
at its own isoelectric point. The latter assumption seemed to be 
the more probable one, as demonstrated in experiments with the 
partially purified enzyme to be described later on. When the 
dialysis was carried out with more acid extracts, a better separation 
of enzyme and coenzyme was obtained. From tbe analysis of 
Table 4 it is also evident that the active dialysable portion can 
not activate an extract from a fish wHch, according to the che- 
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Table 4. 


The thiamin destroying potency of dialyzed fish extracts. 


Fraction of dialysate 

Dialjczed 

against 

Amount' 

used 

ml 

Thiamin 

destroyed' 

/ 

Fish 

Extract 

Non-dialysable portion. . 

Water 

3 

1.5 -f 1.5 aq 

> 440 
175 

Carp 

Non-dialysable -f- dia- 
lysable portion 

J> 

1.5 + 1,5 

210 

» 

Extract 

Non-dialysable portion. . 

Water 

3 

1.5 -f 1.5 aq 

525 

70 

Ide + rudd 

Non-dfalysable -f dia- 
lysable portion 


1.5 -f 1.5 

240 

» 

Extract of melt dia- 

lysable portion of ide 

and rudd 

Non-dialysable portion. . 

Acetate pH 5.5 

1.5 + 1.5 

1.5 -f 1.5 aq 

0 

310 

9 

Non-dialysable dia- 

lysable portion 

O.oiN 

1.5 -f 1.5 

350 

9 

Non-dialysable portion. . 

» pH 4.4 

1.5 -f 1.5 aq 

90 

9 

Non-dialysable -f dia- 
lysable portion 

J> » 

1.5 + 1.5 

260 

9 

Extract 

Non-dialysable portion. . 

Citrate pH 2.0 

3 

1.5 -f 1.5 aq 

> 530 

44 

Budd 

9 

Non-dialysable dia- 

lysable portion 

0,01 N 

I) » 

1.5 -f 1.5 

400 

9 

Non-dialysable portion. . 

» pH '6.5 

1.5 -j- 1.5 aq 

175 


Non-dialysable -+- dia- 
lysable portion 

1> 9 

1.5 -f 1.5 

350 

9 


* The volume of the dialysate was adjusted to the same as the non-dialysable 
portion. 

* Each reaction mixture contained originally 700 y thiamin. 


mical analysis of Lieck and Agren, does not contain the enzyme 
or possibly only tbe apoenzyme. In several experiments partially 
inactivated non-dialysable portions were incubated with gluta- 
thione in order to see wbether tbe enzyme could be reactivated 
with glutathione to the same extent as with the dialysate In 
Table 5 some of the results are given. 

Obviously, glutathione restores some of the original activity 
of the enzyme. It is possible that glutathione reactivates the en- 
zyme through a redliction and that the enzyme only in this state 
can be active. In control experiments with extracts from fishes 
which did not contain the enzyme, it, was observed that the ad- 
dition of 1 - — 2 mg of glutathione per 1.5 ml of extract was not 
followed by any inactivation, when the solution wab incubated 
with thiamin. The fish extracts were diluted to contain the same 







228 


GUNNAR AgREN. 


Tabic 5. 

The aclivaiing effect of glutathione on solutions of enzyme 
partially inactivated by dialysis. 


Fraction' of dialysato 

Dialyzed 

against 

Amounts* 

used 

ml 

Tliiamin 

destroyed* 

y 

Fish 

Non-dialysable portion, . . . 

O.Ol N ace- 
tate pll 4.4 

l..'>-{-1.5 aq 

0 

R\idd-f crucian 

Non-dialysable + dialys- 




able portions 



175 

1 » 

Non-dinlysnblo portion -f 



2 mg glutathione 

» 

l.S-fl.s 

175 

% » 

Non-dialysable portion. . . . 

» 

1.5-f-1.5 aq 

105 

Carp -f nidd 

Non-dialysable dialj's- 



able portions 

» 

1.5-j-1.5 

175 

» » 

Non-dialysable portion -f- 




1 mg glutnthione 


1.5-i-1.5 

260 



•Tho roluino of the dinlysntc ■was adjusted to the same as the non-dialysable 
portion. 

> Eacli reaction mixtnro contained originally 700 / thiamin. 


amount of protein nitrogen as the non-dialysable portions of 
active fish in Table 5. The assumption that the fish enzyme func- 
tions by a reductive splitting up of the thiamin molecule would 
certainly be strengthened if the glutathione effect could be de- 
monstrated on enzyme preparations which had been inactivated 
in a different way. It was decided to investigate if the enzyme 
could be inactivated by hydrogen peroxide, and afterwards re- 
activated by glutathione. As the fish extract always decomposed 
the added hydrogen peroxide, it was necessary to purify the en- 
zyme in some way Isoelectric precipitation was first tried. 

Frozen, ground viscera was extracted with an equal volume of water 
by shaking at 0° for 1 hour, followed by centrifugation for 30 minutes 
at 3,000 r. p. m. This extract was acidified by stage, and the precipi- 
tates centrifuged for 20 minutes at about 15,000 r. p. m. The precipi- 
tates were solved in water and neutralized to pH 7.i. 3 ml samples 
were taken for analysis in the usual way. The results of a tj’pical frac- 
tionation arc given in Table G. 

The enzyme activit}’’ was partially adsorbed on several protein 
fractions precipitated from the solutibn, but the main fraction 
of activity always precipitated at pH between 5.0 — 5.3. By this 
procedure the enzyme activity calculated per mg of nitrogen was 
purified about ten times The solution of the isoelectrically pre- 

» For a .gift of crystallino oatalaso I am greatly indebted .to dr K. Aoneb of 
tho Department of Medical Chemistiy at Karolinska institutot; Stookliolm. 
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Table 6. 


Isoelectric precipitation of the thiamin inactivating enzyme. 


Fraction of enzyme solution 

Solved in 
ml 

Thiamin destroyed 
per 3 ml solution^ 

y 

Extract 

40 

> 550 

Precipitate at pH 5.8 

20 

190 

Precipitate at pH 5.3 

20 

210 

Precipitate at pH 5.0 

20 

> 520 

Precipitate at pH 4.7 

20 

140 

Centrifugate from 4.7 

30 

350 


^ Each, reactioa mixture contained originally 700 y thiamin. 


cipitated enzyme activity still contained small amounts of an 
enzyme which decomposed hydrogen peroxide. The enzyme was 
further pimified by fractionated precipitation with ammonium 
sulphate of a centrifugate from isoelectric precipitation at pH 5.6. 
As the catalase activity precipitates by saturation to 0.6 with 
ammonium sulphate, the thiamin destroying activity precipitating 
between 0.6 — 1.0 saturation with ammonium sulphate was col- 
lected. The inactivation experiments were carried out in the fol- 
lowing way. To 6 ml of the cooled enzyme solution in Thunberg 
tubes were added 0.4 ml of 5 and 10 per cent, solutions of hydro- 
gen peroxide. After 10 minutes 0.4 ml was again added and after 
a filrther 10 minutes the hydrogen peroxide was decomposed by 
the addition of crystalline catalase. The tubes were shaken for 15 
minutes at 0°. The enzyme activity of some tubes was directly 
analyzed and the other were incubated with 0.2 ml of a neutralized 
solution of glutathione fUr 30 minutes at 0°. As usual 3 ml of the 
enzyme solution -f- 1 ml of thiamin solution -f- 1 ml of 0. 04 M 
phosphate buffer were incubated fbr 2 hours at 40° and then 
precipitated with 5 ml of 20 % trichloracetic acid. The controls 
were precipitated without incubation. Results from series of 
analysis are given in Table 7. 

Glutathione restored the activity of the enzyme. In control 
experiments with extracts of fishes which did not contain the 
enzyme according to chemical analysis of Lieck and Agben, the 
viscera extracts were precipitated isoelectrically as described 
above. The fractions precipitated at pH 5.3 — 5.0 were solved to 
contain the same amount of protein nitrogen as the active solu- 
tions analyzed in Table 7. After the addition of 5 — 10 mg of 
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TftWc 7. 


Inactivation and reactivation of the enzyme by hydrogen peroxide 

and glutathione. 


Enzyme solution treated 
with 

Thiamin 

destroyed’ 

Nitrogen 

content 

mg 

Remark 

Untreated solution 

.520 

0.02 

Enzyme solution purified 
by isoelectric precipi- 
tation 

» 

% 

10 % H,0,. 

320 


10 % HjOj -}- glutathione, 

in 

470 


ft 

TTnf rf*n.tpfl Rnliif inn . 

530 

0.22 

Enz 3 ’rac solution puri- 
fied by fractionated 
precipitation with am- 
monium sulphate 

5% H.O 

175 

» 

5 % H,0. -f 5 mg gluta- 
thione 

560 

> 

» 


‘ Each reaction mixture contained originnily 700 y thiamin. 


glutatliionc to the solutions, treated -with 5 and 10 % HjOj and 
catalase, followed by incubation for 2 hours with 700 microgram 
of thiamin, no inactivation of the vitamin was observ'ed. 


Discussion. 

The physiological significance of the effect exhibited by gluta- 
thione, cysteine and vitamin C on thiamin may be somewhat dis- 
cussed. From the results obtained in the present investigation it 
is obvious that both free and phosphotylated thiamin is inac- 
tivated when incubated with live to ten times greater concentra- 
tions of the reducing substances. The thiamin concentration in 
blood is determined by 

Sinclair (1939) to 1 microgram thiamin and 7 microgram co- 
carboxylase (100 ml blood) 

Euler et ai. (1940) 1—2 microgram thiamin and 7—15 micro- 

gram codarboxylase (100 ml blood) 

WiDENBAUER (1939) 10 microgtam thiamin and 2—5 microgram 

cocarboxylase (100 ml serum) i i 

Bang (1944) 5—14 microgram thiamin including cocarboxyiase 

(100 ml blood) 
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Sinclair also demonstrated tliat most of the cocarboxylase of 
the blood is proteinbound. In 1942 both Cajori and Kensler 
et, al. demonstrated that catboxylase is not inhibited by cysteine. 
On the contrary, the enzyme is activated. From this brief survey 
it is obvious that the inactivating effect of glutathione and 
cysteine ■will probably be accomplished by interaction mainly 
with the free thiamin. The glutathione concentration in blood 
has recently been estimated by Bichel (1944) to about 25 — 50 
mg per 100 ml of blood. The concentration of glutathione 
is at least about 1000 times greater than that of thiamin 
and obviously large enough to inactivate free thiamin. This 
may be one of the reasons why only 5 — 15 % of the thiamin 
given to indi^’iduals “saturated” with thiamin can be regained 
in the urine, when the usiial chemical methods ftir thiamin de- 
terminations are used. The course of injected vitamin Bi in the 
body has also been studied by using synthetic thiamin made from 
radioactive methods (Borsook et al., 1940). After injecting 16 
mg of radioactive B^ into a normal subject it Avas found that aftet 
6 days 61 % of the radioactive sulphur could be detected in the 
urine and 11 % in the faeces; 28 % could not be accounted for. 
The difference between the 61 % in this experiments and the 10 % 
usually found after per orhl administration of similar amounts of 
Bi may at least partly correspond to thiamin destroyed by re- 
ducing substances such as glutathione, cysteine and -vitamin C. 

No attempt has as yet been made to determine the nature of 
the compound formed in the reductive inactivation of thiamin 
by glutathione and cysteine. It is probably not the compound 
described by Lipmann, since that substance still seems to give 
the colour reaction of McCollum-Preblubda. The process will be 
further studied. In the meantime it may be suggestive that the 
enzymatical inactivation of thiamin also seems to be a reductive 
reaction as described above. In this process the vitamin is split 
up into the two halves and it is not impossible that glutathione 
and cysteine behave in the same way. The function of the en- 
zyme in the metabolic processes of the body is not clear at all, 
but a s'uggestion may be made. It is reported by Minz (1938) 
that electric stimulation of isolated nerves releases thiamin. The 
results were verified and extended in a series of paper of v. Mu- 
ralt and coworkers (1942). No definite explanation of the func- 
tion of thiamin in this process hds been given. Briem (1939) found 
that thiamin increases the action of acetylcholine. This may be 
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explained by the observation of Gltck and Antopol (1939) thit 
cholinesterase was inhibited by thiamin, thereby slowing down 
the hydrolysis. On the other band Kumv et al. (1939) reported 
that acetylated thiamin acted on intestinal stripes in a way 
similar to acetylcholine. If tliiamin is engaged in the transmission 
of electric stimulations in nerves it may be necessary to abolish 
the effect in the same manner as acetylcholine is hydrolyzed by 
cholinesterase. This presumes that the thiamin-inactivating en- 
zyme is videly distributed, a circumstance which cannot be in- 
vestigated wdth a semi-micro method such as that of SIelxick 
and Field. On that account the distribution of the enzyme has 
also been investigated with the Phycomyces test. The results will 
be published elsewdiere. 


Summary. 

Thiamin and free cocarbo.vylnsc interact with reducing sub- 
stances such as glutathione, cysteine and vitamin C. In the reac- 
tion the vitamin Bi is changed into a compound or compounds 
which cannot be determined with the colorimetric method of 
Melnick and Field. The compound is probably not identical 
with LiPJfANN’s reduced vitamin. The activity of the fish en- 
zyme which destroys thiamin is partly inactivated by oxidation 
with hydrogen peroxide in the cold, or with dialysis, and the ac- 
tivity can be restored subsequently by the addition of glutathione. 

The WTiter acknowledges the valuable assistance of 3Ir. Ek- 
LUND throughout the investigation. 
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The phosphoru.s atoms present, in the organism migrate from 
molecule to molecule and from organ to organ. The rate of 
migration greatly depends upon the nature of the molecules 
involved and on the organ in which they are located, the 
phosphorus atoms finding their most lasting abode in the skeleton. 
The mineral constituents of the skeleton are located in apatite- 
like crystallites which have a size of about lO"* cm. From the 
phosphate ions present in these crystallites, only those located 
in the uppermost molecular layer can come into direct contact 
witli the lymph or the plasma and, thus, participate in aninter- 
changc with the phosphate present in the plasma (lymph). 
The residual part of the crystallites will be prevented from 
participating in such an interchange bj* the fact that, at body 
temperature, the rate of penetration of ions into an apatite- 
like crystal is ciitirely negligible. Tlic replacement of the bulk 
of the pliospliate or other ions present in the apatite-like crystals 
can only take place by a partial or total dissolution of the cry- 
stallite followed by a crystallization proce-ss leading to a partial 
or total formation of new crystallites. As was to be expected 
and also was shown when making use of isotopic indicators, 
such a “biological rccr3-staIlization” of the bone apatite is a 
very slow process. This process is made possible by the fact that 
the concentrations of phosphate and of other constituents of the 
plasma vary. Intake of food increases the phosphate content 
of the plasma and the lymph, and so do numerous biochemical 
processes leading to an enzj^mic splitting of organic phosphorus 
compounds. The plasma phosphate, for example, increases after 
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intense muscular action, though the low phosphate permeability 
of the muscle cells (Hevesy and. Eebbe 1940) much reduces the 
exodus of the phosphate ions split off during muscular action. 
On the other hand, excretion of phosphate acts in the opposite 
direction, and so do all those numerous biochemical processes 
in the course of which phosphate becomes incorporated with 
organic compounds, from which processes the decrease of the 
phosphate content of the plasma under the action of insulin 
is possibly the most conspicuous one (cf. Kjerulf-Jensen and 
Lundsgaarb 1943). 

Not only do the phosphate and the equally important calcium 
concentrations of the plasma fluctuate, but the same ajjplies 
to the concentration of phosphatase and other enzymes regulating 
the phosphorus metabolism. Such enzymes act on the bone for- 
mation not only bj^ regulating the phosphate concentration of 
the plasma, but possibl)’" also in a more direct way, as suggested 
by Robison’s (1912) early studies on bone formation. More 
recent work by Roche and Mourgue (1939) leads to the result 
that a fracture of the rat’s femur involves a loss of appreciable 
amounts of the mineral constituents of the femur followed by 
an opposite process after the lapse of about one month. In the 
first weeks, phosphatase activity of the bone is also enhanced. 
Roche and Mourgue made the very interesting observation 
that the fracture of the left femur leads not only to an initial 
decrease in the mineral content of the fractured left bone, followed 
later by a reversal of this process, but a similar behaviour is 
also shown by the intact right femur. The enhanced phosphatase 
activity of the bone tissue may be due to an increased magnesium 
concentration produced by osteolysis following the fracture. Thus, 
even a fluctuation in the magnesium content of the plasma may 
promote the .rate of renewal of the skeleton. 

Fluctuations in the phosphate, calcium, magnesium, and 
phosphatase contents of the plasma thus make possible a bio- 
logical recrystallization of bone apatite and, correspondingly, 
a renewal of the skeleton. That tliis process, which can be fol- 
lowed by making use of isotopic indicators, was found to be 
a slow one is easy to understand. The bone apatite contains a 
very appreciable part of the body’s calcium and phosphorus 
contents, and these constituents are present in a crystalline 
state. Dissolution and formation of such crystallites may be 
expected to be a slow process. Furthermore, we must envisage 
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the probability that a partial dissolution of a crystallite may he 
followed by a new formation of some molecular layers which 
protect the underlying part of the crystal from further changes. 
This process can often be repeated and leads to a repeated 
renewal of a fraction of the crystallites, while the remaining part 
of the crystal remains unchanged. The pronounced difference 
in the rate of renewal of epiphysial and diaphysial tissues found 
by various workers is due mainly to the better circulation taking 
place in the soft epiphysial bones but, possibly, to some extent 
to the smaller size of the crystals of the epiphysial tissue which 
favours an interchange between lymph (plasma) and bone phos- 
phate. 

In this paper are communicated the results of experiments 
carried out with the aim of measuring the rate of renewal of the 
mineral constituents of the fish skeleton. However, a short survey 
of the results hitherto obtained for the rate of renewal of the 
skeleton of mammalia will first be given. 

Eate of Eenewal of the Skeleton of Mammalia. 

As a result of the administration of labelled phosphate (phos- 
phate containing a minute percentage of the radioactive phos- 
phorus isotope ®“P), the “free” phosphate of the blood plasma 
soon becomes labelled, and the same applies to the extracellular 
fluid of the organism in view of the swift passage of phosphate 
ions through the wall’s capillaries. As the plasma and the lymph 
contain labelled phosphate, all bone apatite formed after the 
administration of labelled phosphate is bound to be labelled. 
In the extreme case, when all mineral bone tissue is formed 
after the a dmin i s tration of labelled phosphate, 1 mg bone P 
will have he same ®“P content, and thus the same radioactivity, 
as 1 mg plasma P. Thus, the ratio of the specific activity (activity 
of 1 mg) of the skeleton P and the specific activity of the plasma 
P is a measure of the rate of renewal of the skeleton. 

When determining the rate of renewal we must take due regard 
to the fact that the specific activity of the plasma phosphorus 
does not remain constant, but decreases strongly in the course 
of the experiment, owing to successive interchanges of the plasma 
phosphorus with the phosphorus atoms of the various com- 
pounds present in the organs and also to excretion of phosphate. 
As the rate of interchange is different for different compounds 
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and also for different organs, the calculation of the decrease 
of the specific activity of the plasma P with time encounters 
very great difficulties. The most direct way to eliminate the 
above mentioned difficulty is to administer repeatedly an appro- 
priate amount of labelled phosphate, and, with the aid of this 
procedure, to keep the plasma phosphate at a constant level 
throughout the experiment. The results of such experiments 
(Hevesv et alia 1940) carried out on rabbits are seen in Table 1. 

Table 1. 


Extent of renewal of the sheleton of a rabbit 
in the course of 50 days. 


Praotion 

Per cent 
renewed 

Penmr opiphvsis inoi^anic P 

29.7 

Pcmur diaphysis inorganic P 

0.7 

Tibia epiphysis inorganic P 

28.0 

Tibia diaphysis inorganic P 

7.G 

Costa inorganic P 

27.5 

Scapula inorganic P 

43. S 

Femur epiphysis phosphatide P . . . . 

100 


As seen from the figures, the degree of renewal of the mineral 
constituents of the skeleton in the course of 50 days amounts 
to 29 per cent in the case of the epiphysis of the tibia and to as 
little as 8 per cent for the diaphysis, while phosphatides extracted 
from the bone tissue are entirely, and possibly even several 
times, renewed in the course of the experiment. 

The experiments mentioned above were carried out with fully 
grown rabbits, as in a growing organism the presence of labelled 
atoms cannot be interpreted exclusively as the result of a renewal 
process. It will also be due to the formation of additional tissue 
during the experiment. All molecules formed in a growing, la- 
belled organism are, indeed, bound to become labelled. It is of 
importance, therefore, to carry out experiments on the reneval 
of the skeleton on adult animals. 

The incorporation of labelled phosphate into mineral compo- 
nents of the bone is a very intricate process. Between the upper- 
most molecular layer of the apatite crystallites in contact with 
plasma or lymph, an exchange equilibrium can be established 
almost immediately. This means that the specific activity of 
the P present in these layers will promptly follow all changes 
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in the specific activity of the plasma phosphorus. In most ex- 
periments with labelled phosphate, the active preparation is 
administered at the start of the experiment. After subcutaneous 
injection or administration by mouth, an increase in the plasma 
activity will take place in the initial phases of the experiment 
and a decrease throughout the later phases. Thus, the activity 
of the uppermost layer of the bone apatite is strongestin the early 
phases of the experiment in which the plasma is strongly active. 
Crystallites, however, formed in a later stage of the experiment 
from an active plasma, will contain comparatively large amounts 
of in view of the high phosphorus content of the total cry- 
stallites compared with the phosphorus content of the uppermost 
molecular layer. In view of the stability of the crystallites, their 
content will be well conserved and will not follow or follow only 
slowly the changes in the activity of the plasma phosphorus. 

Beside formation of entire crystallites from the labelled plasma 
we have also to consider the case of partial formation of cry- 
stallites. Some molecular layers are dissolved and replaced by 
layers formed by crystallization from labelled plasma. The newly 
formed layers Avill be active, but not the layers lying below. 
These layers will be protected from all action of the labelled 
plasma and, thus, from rcnewml. They will form a stable core 
for the crystallites and so will also all crystallites that are not 
in contact with plasma or lymph. 

Manly and his colleagues (1940), who carried out extensive 
studies into the uptake of ®“P by the mineral constituents of 
the bone where the activity was administered at the start of 
the experiment, estimate the share of labile and stable frac- 
tions of the bone tissue by comparing the activity of the blood 
(not of plasma) P and of the bone mineral of rats. They esti- 
mate Vs 0^ content to be present after the lapse of 20 

days in the labile portions of the epiphysis, the rest being found 
in the stable portion. The estimation of such magnitudes encoun- 
ters great difficulties in view of the very complicated way in 
which the labelling of the bone tissue takes place. The degree 
of renewal of the mineral constituents of the different parts 
of the skeleton which takes place within a time interval can, 
however, be determined in the way described on p. 237. The degree 
of renewal in these experiments means the percentage of bone 
tissue newly formed once or several times since the start of the 
experiment. 
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Eate of Renewal of the Fish Skeleton. 

We investigated the rate of renewal of the skeleton of sticklebacks 
(Ga^terosteiis aculeahis). These fish, weighing 1 — 3 g, have a lifetime 
of about one year and can be expected not to grow any longer when 
one year old. Their small size has the advantage that the use of a 
large sea-water volume and, thus, an unduly strong solution of labelled 
phosphate, can be avoided. Our experiments, in which the stickle- 
backs were kept for up to six weeks in labelled sea-water, were carried 
out with radio-phosphorus having an initial activity of O.os milli- 
Curie, which was foimd to be ample to give an active skeleton. 

The small size of the fish facilitates, furthermore, their ashing, 
which is to be carried out when we want to determine the total phos- 
phorus content or the total content of the fish. Wet ashing was- 
carried out by heating with 1 ml of cone, sulphuric acid containing 
some nitric acid and, in the last phase of the experiment, some hydrogen 
peroxide. 24 sticklebacks were kept in 3 litres of sea-water to which 
10 ml of a radioactive solution containing O.os milliCurie and 3.4 
mg of sodium phosphate (pH = 7.c) were added. After the lapse 
of 6 weeks, this activity declined to of its initial value. The water 
was daily renewed, as was its labelled phosphate content. 

The sticklebacks were investigated at different intervals. After 
idlling the fish and washing it very carefully with sea-water, the liver 
was taken, and the “free” phosphate was extracted from it with cold 
5 per cent trichloroacetic acid. The solution was then brought up to 
25 ml. While the “free” phosphate content of 20 ml was precipitated 
as magnesium ammonium phosphate, the activity of which waa 
measured, the residual part used in a colorimetric determination 
of the free P content of the extract. The activity measurements are 
much simplified when the samples have about the same weight. To 
obtain such samples, we added to the above mentioned 20 ml so 
much sodium phosphate that the precipitate obtained weighed 60 
mg. As mentioned above, the determination of the rate of renewal 
is based upon the comparison of the activity of 1 mg of free plasma 
P and 1 mg of mineral skeleton P. It is, however, extremely difficult 
to secure blood from a fish weighing a couple of grams and, therefore, 
we replaced the determination of the activity of the plasma P by a 
determination of the activity of the free liver P. In view of the great 
ease with which phosphate ions penetrate the liver cells and vice 
versa, the activity level of the free phosphate P of the liver hardly 
differs from the activity level of the free phosphate of the plasma 
The writer is much indebted to hlr. Tbyggve Gxjstavson for his 
very effective help in removing the livers, weighing 45 — 70 mg. 

To remove the organic constituents of the skeleton, we treated 
the bones with boiling glycol containing 6 g KOH per 100 ml for several 
hours, until the bones showed the total absence of non-mineral con- 
stituents. The bones were dried at 105° and dissolved in 2 ml 0.5 N 
HCl. The solution was brought to 25 ml and an aliquot was used, as 
described above, in the radioactive measurements, while the other 
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aliquot was taken for colorimetric determination. The writer is much 
indebted to Miss Kebstin Ohmn and Miss Maeianne Andebsson 
for their very effective assistance in these determinations. 

Uptake of labelled Phosphate by the Fish. 

The uptake of labelled phosphate by the fish most probably 
takes place either through the gills or through the digestive 
tract. "While water passes the surface of the gills, some phosphate 
may reach the circulation. An increase of the water volume pas- 
sing the gills may in this case be expected to lead to an increase 
in the phosphate uptake. Therefore, we have compared the phos- 
phate uptake by fish kept in water rich in oxygen with the up- 
take of phosphate by fish in water containing but very small 
amounts of oxygen. While a group of fish was kept for a day 
in 2 litres of labelled seawater saturated throughout the experi- 
ment, another group was kept in 2 litres of labelled sea-water 
to which no oxygen was added and in which other sticklebacks 
were previously kept in order to remove much of its air content. 
As seen in Table 2, the average uptake of by the two groups 
of fish practically does not differ. 

Table 2. 

Uptake of by fish kept in oxygen-rich and oxygen-poor water 
in the course of S4 hours. 


^Weight of fish 
in g 

Total activity present 
in 1 g fish 

water rich in 
oxygen 

water poor in 
oxygen 

0.82 

20 


2.07 

15 


1.77 

25 


1.53 

21 


1.25 

17 


1.03 

24 


1.15 

16 


1.30 

21 


0.91 


23 

0.88 


21 

1.28 


13 

2.03 


19 

1.71 


26 

1.51 


22 

1.24 


20 

1.5C 


24 

Mean value 

20 

22 1 
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The fact that no significant difference was found in the uptakes 
of from waters rich and poor in oxygen does not prove con- 
clusively that the main uptake of does not take place through 
the gills, as it is possible that the organism reacts to oxygen 
shortage in the water not by an increase in the water circulation 
through the gills, but by an enhanced oxygen extraction from 
the water. However, the above result induces us to draw our 
attention to the other probable way of entrance, the digestive 
tract, which, as marine fish drink large quantities of the water 
in which they swim, is the most probable path of ionic uptake 
by such fish. 

Homeb Smith (1930, 1931) added phenol red to aquarium 
water and found that the dye became concentrated in the in- 
testine and also that it could not be absorbed through the gills 
and the skin. By measuring the concentration of the dye he was 
able to calculate the extent of water absorption taking place.^ 
An eel weighing 143.5 g, was found to have swallowed in the 
course of 20 hours 12.3 ml of sea- water. A number of experi- 
ments on eels and sculpins show that per kg. of weight those 
fish swallow from 40 to 225 ml of sea-water per day. The minimum 
swallowing observed is thus 0.04 ml per g per day. The amount 
of labelled phosphorus present in 0.04 ml of water is that found 
by us in a stickleback weighing 1 g after the lapse of 16 days. 
If the amount of water swallowed by the stickleback is not 
still smaller, than the smallest amount observed in eels and 
sculpins, then we have to conclude that only a minor percentage 
of phosphate present in the swallowed water is absorbed by the 
stickleback. This result is by no means improbable. Though water 
is very easily absorbed, Homer Smith found that only 81 per 
cent of the water swallowed by the eel had been absorbed and, 
furthermore, that, while monovalent ions such as Na'*', and 
01“ were absorbed to a very large extent, divalent ions such as 

Mg**"^, and S 04 ~ were not, these ions being concentrated 
in the rectal fluid. In relation to chlorine, sulphate was, for 
example, concentrated 24 times in the rectal fluid. (Cf. A. Keogh, 
1939). The result obtained by us indicates a similar fate of the 
phosphate ions. 

A fish weighing 0.92 g took up in the course of 8 days 4 • 10~^ 
per cent of the activity of the labelled sea-water and, thus, as 

detailed account of the work of Homer Smith is given by Kbogb 

16 — i50266. Acta phi/s. Scandinav. Vol.9. 
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the phosphorus content of the sea^water was 880 y (730 added 
+ 150 present beforehand), 3.5 y of phosphorus were taken up 
mainly as sodium phosphate by the fish. The amount of phos- 
phate taken up by the fish during the same time varies appre- 
ciably from fish to fish. However, these variations do not in- 
fluence the results obtained for the rate of renewal since, when 
calculating this magnitude, the skeleton activity and the liver 
activity of the same fish are considered. 

Gasterostcus acidcatiis is a fish provided with a skin armour.^ 
In several cases, we investigated the armour, the cranium, and 
the vertebra separately. 

Extent of Renewal of the Skeleton. 

The method of calculating the extent of renewal of the skeleton 
is shown by the following example. 

Duration of the experiment — 16 days. Average temperature = 
= 16. G°. Fresh weight of the fish = 1.49 g. Weight of the fresh 
liver = 50 mg. 

Free P content of the liver — 21 y. 

Total P content of the skeleton — 3.98 mg. 

Activity of the skeleton P = 29.2 counts per minute. 

Activity of the free liver P = 8.8 counts per minute. 

Activity of 1 y skeleton P 0.00733 
Activity of 1 y free liver P 0.418 

Activity of 1 y skeleton P in percentage of the activity of 1 y 
liver P 1.8, 

The figure obtained is not strictly identical with the percentage 
of the skeleton which, in the course of the experiment, is renewed, 
as we compared the specific activity of the bone P at the end 
of the experiment with the specific activity of the free liver P 
at the same date, while we should have considered the average 
value of the specific activity of the free liver P prevailing through- 
out the experiment. This magnitude is not known, but cannot be 
less than of the final value. Therefore, we have to multiply, 
the result of 1.8 per cent arrived at by a figure which is less 
and probably appreciably less, than 2 in order to arrive at a 
correct renewal percentage which, thus, amounts to 3 4 per 
cent in the course of 16 days. This percentage of the skeleton 

1 A detailed description of the armour is given by P. Botjt (1920). 
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was renewed once or several times, wMle the remaining 96 — 97 
per cent of the skeleton remained imchanged. 

The fish was kept in 3 litres of sea- water to which 3.4 mg 
of labelled phosphate, corresponding to 0.73 mg P and having 
an activity of 1.6 -lO^ counts, were added (measured the same 
day as the activity of the liver and that of the skeleton). Water 
and activity were daily renewed. 

1 

1 y free liver P was foimd to contain part of the activity 

and, thus, from the free P extracted from the liver 2 • 10"'* y were 
such which originate from the labelled phosphate added to the 

sea-water. The total free liver P contained — „ part of the 

1.8 * 10 ® ^ 

activity added to the water. The skeleton contained 1/5.3 -10^ 
part of the activity added to the water, thus of the 3.98 mg. P 
present in the skeleton, 1.4*10“^ y were such which originate 
from the labelled phosphate added to the sea-water. 

The results obtained for different parts of the skeleton and 
various fish are computed in Table 3. 

Table 3. 


Percentage ratio of the activity of 1 mg skeleton P and 
1 mg free liver P. 


No. of 
esjerfment 

Fresh weight 
of the fish 
in g 

Time 
in days 

Part of the 
skeleton 

Percentage ratio 
of the activity of 

1 mg skeleton P 
and 1 mg Uver P 




Skull 

1.7 

19 

1.83 

17 

Vertebrae 

1.1 




Armour 

1.2 

18 

2.20 

20 

Armour 

2.3 

21 

1.78 

20 

SkuU 

2.7 




Armour 

2.1 




SkuU 

2.4 

22 

1.21 

21 

Vertebrae 

3.4 




Armour 

2.6 

23 

1.33 

30 

Vertebrae 

4.1 




Armour 

2.4 

24 

1.41 

31 

Armour 

4,2 


Prom the above figures, the average value for the percentage 
ratio of the activity of 1 mg skeleton P and 1 mg liver P works 
out to be 2.5 per cent in the course of 22 days. To obtain the 
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percentage renewal of the fish skeleton in the course of 22 days, 
we have to multiply the above figure (of, p, 242) by a figure which 
is less than 2, The rate of renewal thus lies between 2.5 and 5 
per cent, 

IJpiftkn of liiibolled 1* b}' the Kggs. 

In several fish, a large number of eggs was found and in many 
case.s the weight of the egg.s constituted a very appreciable per- 
centage of the wciglit of the fish. In experiment Ko. 10 B, the 
cgg.H’ weight was found to be 0.02 g out of a weight of 2.44 g 
of the fisli (including ogg.s), i. e. .'18 per cent. The percentage 
ratio of the activity of i ing average fi.sh P (minus eggs) and 1 
mg free liver P was found to be. 0,3. For the percentage ratio 
of the activity of 1 mg egg P and 1 mg liver P, 90 was obtained. 
Thus, almost all P of the atoms present in the egg was incorpor- 
ated in the eggs in the course of the last 23 days. The total P 
content of the fi.sh without it.s ogg.s was found to bo 17.78 mg, 
or 1.17 per cent, while the corresponding figures for the eggs 
wore 2.7 and 0,20. 

Fish No. 10 had a weight of 1.07 g including its eggs, which 
made up 40 {(cr cent, of the total weight. Liver and heart were 
strongly degenerated, the liver weighing onl}' a few milligrams. 
Tlie duration of the exj>criment was IG days, the activity of 
the egg.s amounting to 12.8 per cent of tlic total nctmty. In the 
above ca.so (No. 10 B), the corre.'?ponding ratio was 18,-3. Thus, 
after the lapse of 16 daj’.s, only about % of the egg P was found 
to be incorjjoratcd in the egg.s in the course of the experiment, 
while in e.xpcrimcnt No. 10 B., after the lap.se of 23 days, almost 
the whole P content of the eggs was deposited (through growth 
or renewal) in the course of the experiment. 

In experiment No. 10 A., the percentage of P taken up in 
the course of the experiment from the -water was found to be 
1/3.9*10* of the amount present, corresponding to 2.2*10 y. 

In experiment No, 10 B, 1/2.2*10* of the water P was taken 
up b}’ the fish, amounting to 4.4*10”^ y. 

Discussion. 

The average value for the degree of renewal of the fish skeleton 
in the course of 22 days was found to be -2. 5 — 5 per cent, the 
lower value being the more probable. This means that, while 
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2.5—0 per cent of tie skeleton were renewed once or several 
times — a part of this percentage was certainly renewed very 
frequently — at least 95 per cent of the skeleton remained en- 
tirely unchanged. "When arriving at this conclusion, we assumed 
that no additional growth of the skeleton took place in the course of 
the experiment. As such additional growth would take place from 
a labelled plasma, all newly formed skeleton might be expected 
to be labelled, and what we interpreted as a renewal of the skeleton 
might in such a case be due to additional bone formation in the 
course of the experiment. We could not find any evidence for 
a growth of the skeleton or a growth of the fish taking place 
in the course of the experiment. It is very difficult, however, 
to exclude the possibility of an increase in the mineral consti- 
tuents of the skeleton by a few percent. The above mentioned 
95 per cent therefore have to be comidered a lower limit for the 
part of the skeleton remaining unchanged after three weeks. 

In the case of the fully grown rabbit, about 10 per cent of the 
skeleton were found to be renewed in the course of only 9 days 
(Hevesy et alia 1940). The great difference in the renewal rate 
of the skeleton of the rabbit and that of the fish is presumably 
due to the great difference in the body temperature. The renewal 
of the skeleton is partly a “physical” replacement process be- 
tween the phosphate of the uppermost molecular layer of the bone 
crystallites and the phosphate of the plasma, and partly the 
effect of a “biological recrystallization”. Crystallites or parts 
of crystallites go into solution and new crystallites are wholly 
or partly formed by crystallization from the plasma. In experiments 
of long duration, the interchange mostly takes place by biological 
recrystallization. Now, such a process may be expected to be 
strongly influenced by the body temperature and to take place 
at a higher rate at 37° than at 16°. 

It is interesting to note that even in experiments of only a few 
hours’ duration, increase of temperature was found to promote 
the radio-phosphorus uptake by the bones. The tibia of the 
frog (Hevesy et alia 1940) was found to take up nearly H/2 
times as much radio-phosphorus at 22° as at 0°. 

The application of the method of radioactive indicators ne- 
cessitates the uptake of measurable amounts of the indicator 
by the organism. If only this condition is fulfilled, the amount 
of the indicator taken up by the organism does not influence 
the results obtained by the indicator method, results which are. 
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in the case discussed here, based on the comparison of the spe- 
cific activity of the bone P and that of the free plasma (liver) 
P. Eate of uptake and renewal rate present entirely different 
problems. 

We found that a fish weighing about 1 g took up, in the course 
of 16 days, 1/4 • 10* part of the phosphorus added to the water 
i. e. 2 • 10~^ mg. As the water volume was 3,000 ml, the amount 
of P taken up by the fish from water is equivalent to the amount 
of P present in 1/13 ml water. The amount of water taken up by 
the fish in the course of 16 days is presumably much larger than 
1/13 of its body weight (cf. p. 241) and, thus, only a minor part 
of the P content of the water swallowed is absorbed. 

The P content of the eggs was found to be composed mostly 
of P atoms incorporated in the course of the experiment. In 
the case of the hen’s egg (Hevesy and Hahn 1938), most of 
the P atoms were found to be noninterchangeable and, corre- 
spondingly, the presence of a large percentage of labelled P 
in the hen’s egg proves the formation of a large part of the egg 
from labelled plasma. Should this conclusion be applicable to 
the fish egg, which is problematic however, we might conclude 
that most of the fish egg material was formed during the ex- 
periment, i. e. during the time the fish lived in water containing 
labelled phosphate. 

Summary. 

Sticklebacks (Gasterosteus acukatus) were kept for periods of 
up to one month in 3 litres of sea-water containing labelled 
phosphate. A fish weighing 1 g was found to take up in the course 

of 16 days — part of the phosphorus present in the water, 

corresponding to 2 -10'® mg P. 

By comparing the specific activity of the skeleton P with that 
of the free liver P, figures for the degree of the renewal of the 
skeleton were obtained. At least 95 per cent of the skeleton were 
found to remain unchanged during the experiment. The rate of 
renewal of the fish skeleton is thus much lower than that of the 
mammalian skeleton. 

The specific activity of the egg P being only slightly lower 
than that of the free liver P, we may conclude that the greater 
part of the P atoms present in the eggs was incorporated during 
the experiment. 
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The writer wishes to express his cordial thanks to the trustees 
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Stockholm, October 1944. 
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In a previous paper (Agren and Hammarsten, 1937) it was 
demonstrated that crystallized secretin was digested by amino- 
polypeptidase without any loss of activity and in the process ten 
amino acids were split off. However, the experiments were carried 
out only on a very small scale with samples of about 10 mg of 
secretin and no attempt was made to isolate and determine the 
amino acid composition of the remaining part of the original secre- 
tin molecule. This problem offers several interesting aspects. The 
eventual presence and nature of an active group or groups in the 
secretin molecule would more easily be studied on the new smaller 
molecule. It would also be of interest to investigate if this new 
secretin had the same range of acitivily as the original hormone, 
i. e. to stimulate the secretions from the pancreas, the liver and 
the pyloric-duodenal mucosa. 

In the planned isolation of the digested secretin molecule it 
was necessary to work with a more purified enzyme than in the 
first experiments where a very impure aminopolypeptidase only 
free from trypsin was used. This enzyme was prepared from the 
hog’s pyloric mucosa (Agren, 1937). At that time no successful 
attempt to purify the enzyme had been made and therefore the 
present investigation was undertaken. Already at the beginning 
of the purification it was found that one of the main problems was 
to decide whether the fairly high content of mucoids present was 
an integrating part of the enzyme. No data could be found of the 
carbohydrate content of aminopolypeptidase purified from other 
materials. As a preliminary study the aminopolypeptidase of 
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muscle was first prepared in a state of liigh purity and foimd to be 
a carbobydrate-free protein (Agren, 1944). Accordingly it was 
assumed that tbe corresponding enzyme from the pyloric mucosa 
had similar chemical properties. 


Experimental Procedures. 

The enzyme activity was determined according to Lindeestbom-Lang 
and Holter (1931, 1932) using 0.2 M solutions of alanyl-glycyl-glycine 
at pH 7.4 as substrate. The peptide was prepared according to Tischee 
(1906, 1923) (Agree, 1912). One unit of activity Tvas defined as the 
amount which, after 30 minutes of digestion at pH 7.4 and 37°, gave an 
increase in amino nitrogen corresponding to 1 mms of n/20 HCl in 90 
per cent alcohol. Protein nitrogen was determined by the micro-Kjel- 
dahl procedure. Traces of ammonium sulphate contaminating the 
solutions in some steps of the purification necessitated a preliminary 
precipitation of the protein with trichloracetic acid. 1 ml of solution 
containing more than 0.2 mg of nitrogen was precipitated with 2 ml of 
10 % trichloracetic acid as previously described. It was necessary to 
keep the concentration of protein nitrogen above the value 0.2 mg/ml 
or else great losses were registered at the filtration of the trichloracetic- 
acid precipitate, which at concentrations less than 0.1 mg N/ml par- 
tially precipitated in a colloidal state. Total carbohydrates were esti- 
mated by the method of Tillman-Philliri in the modification of So- 
rensen and HAUGA-iED (1933). 

Purification Procedures. 

As a preliminary step to the purification of the aminopolypep- 
tidase it was necessary to investigate the stability of the enzyme 
at different pH and different other experimental conditions, as- 
cataphoresis and dialysis. Some of the results obtained from these 
investigations are briefly reported. 

At first the enzyme solutions were prepared in the same way 
as previously described (Agren, 1937) by grinding the fresh 
pyloric mucosa of the pig and extracting with equal parts of gly- 
cerol and water by shaking for 2 hours at room temperature. 
After the centrifugation the solution was stored at — 10° where 
the activity, 3.3 units per mm® of extract, kept constant at least- 
for several months. In Table 1 the pH-stability of the enzyme at 
0° is given. After the incubation times, 48 hours, the solutions 
were brought to pH 7.4 and the activity determined. 

During the dialysis at pH 4. 6 and 5. 1 for 24 hours at 0° against- 
glycerol-buffers a precipitation was formed in all experiments and 
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Table 1. 

Tho pH slahiliiy of^ glycerol solutions of amtnopoJypeplidase 
stored at 0 for JiS hours at different pH. 


Actmty in 

units per mm’ solution at 

pH 4.2 

pH 4.C 

j pH 5.1 

0 

3.1 

3.2 


separated away as it only contained traces of activity, ^^^xile the 
activity per mg of nitrogen in the original extracts was 340 units 
the centrifuged pH 4.C and 5.1 solutions contained respectively 
710 and 370 units. There was the possibility that the presence of an 
active group in the enzyme would be unveiled by cataphorizing 
the enzyme at a suitable pH. In the experiments the analytical 
apparatus of Treorell (1936) was used. By adding glucose iu 
substance to the glycerol enzjme solutions it was easy to keep 
the specific weight values of the dialyzed solutions about 2 per 
cent higher than those of tho buffers and thus minimize the risk of 
convections during the cataphorcsis. The analyses were carried out 
on enzjme solutions purified from about 50 per cent of impurities 
by dialysis at pH 4,G as described above and diluted 1: 10 with 
suitable glycerol buffers. In Table 2 some experimental figures 
are given. 

Table 2. 

Cataphorcsis of a glycerol solution of enzyme in glycerol buffers 

at O.s' C. 


Glycerol conoontratioa of 20 vol. p.c. in nil tests. 


Buffer 

pH 

X X 10’ 

i 

B 

Migration 

V 

Bhosphato — . 

6.75 

0.85 

3.5 

21600 

Anodic 

0.5 

Acetate 

4.00 

0.81 

3.5 

36000 

0 

0 


X — conductivity in reciprocal ohms; i = tho current in milliampercs; t — time 
in seconds; v = cm migration. 


The ionic velocity was not calculated since the enzyme solutions 
must be considered far from homogeneous. Similar qualitative 
results were obtained when the original 'unpuiified enzyme solu- 
tions were cataphorized. The contents of the different anodic 
and cathodic cells were mixed in possible combinations but no 
reproducible separation of the enzyme in coenzyme and apoen- 
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zyme — as demonstrated by inactivation and subsequent reactiva- 
tion of the enzyme activity — was obtained. 

More positive evidence was obtained from some series of dialy- 
sing experiments. The enzyme solutions used in these experiments 
were prepared in a somewhat different manner. The distal part of 
pylorus and the proximal part of duodenum from hog was turned 
inside out, .the mucosa cleaned and washed with water and the 
whole sample stored at — 15 ° for some hours and thawed over 
night at 5°. The fluid which exuded contained aminopolypeptidase 
in a rather high concentration, 3 — 10 units per mm® solution. 
One of the difficulties encountered in the dialysing experiments 
is demonstrated in the following. 10 ml samples of enzyme solu- 
tions, containing 3 units of activity per mm®, were dialyzed in 
cellophane bags, o = 27 mm, at 0° for 24 hours during constant 
stirring against 1 500 ml of different acetate buffers, normality 
about 0.003. At the end of the dialysis the dialysates were con- 
centrated in vacuum at 16° to the same volume as the contents 
of the dialysing tubes, which were centrifuged from a mostly in- 
active precipitate formed during the dialysis. All solutions were 
neutralized to pH 7.4 and the enzyme activities of the dialysates 
and contents of the cellophane bags were determined. Typical 
values are given in Table 3. 

Table 8. 

The activity of aminopolypeptidase dialyzed at different pH. 

Activity by digestion of 7 mm’ of enzyme with 7 mm’ of substrate at 40®. 
Original activity in mm’ n/20 HCl, 30 minutes of digestion = 20. C = content 
of the dialysing tube. D = Dialysate. E:q)eriments performed July 28th 1937. 


Dialysis No. 

pH at the end of 
dialysis 

Enzyme activity 
in mm’ n/20 HCl 

Digestion time 
in minutes 

XIC 

3,75 

0 

30 

XID 

3.80 

0 

120 

xnc 

4.35 

2.2 

30 

XHD 

4.25 

0 

120 

xiri c 

4.75 

18 

30 

xirrD 

4.80 

0 

120 


Buffer in XI; 5 ml n/1 Acetic acid-f-0.30 ml n/1 Sodium acetate diluted to 1500 ml 
» » XIT: 3.5 ml » » -f-1.5 »» » » »»»» 

» » XIU: 2.5 » » -f-3.0 »» » » »»»» 


Dialysing at pH 3.8 and 4.3 obviously inactivated the enzyme 
while the activity was not affected by dialysing at pH 4.8. The 
following day equal volumes of the dialysates and contents of the 







252 


GUKNAll AgHKN. 


dialysing tubes were mixed and digested for 30 minutes with tlie 
following results. (Table 4.) 


Table 4. 

Incuhalion of dialyzed solutions of aminopohjpeplidase xvilh dkhjsaks. 
Kxpi-riiTiontnl dnta ns in Tnblo 3. Activity per 7 nitn’ of cn-Ayme. 


Kninplcs 

A’o. 

I’rnctioiiH 

DiZCflO'on Ihiie 
in minutca 

E.vpcrimcnts 

performed 

Enr.ymo nctirity 
in mm* of 
n/20 HCl 

1 

XI C+XII T) 

30 

July 29Ui 

0.5 

o 

xr c-i-xiii 1 ) 

• 

* 

0 

3 

xiicvxni) 

% 

. f 

2.3 

4 

XI c 


Jiilj’ .30tli 

1.0 

r» 

xn c 

» 

? 

4.0 

0 

XU C-f XII D 

» 

ft 

l.S 

7 

XI C+XI 1) 

ft 

Jiilv 31th 

1.1 

8. 

XI 0 

ft 

August 2nd 

2.1 

9 

XII c 

ft 

ft 

5.2 


Comparing the enstyme values of .satnples No. 1 and 3, Table 4, 
with the values of XI c and XII c, Table 3, it would at first 
seem as if a partially reactivation had taken place. "WTiat actually 
happens is that the dialyzed and partially inactivated enzyme 
spontaneously is reactivated. The proce.ss seems to be rather slow 
(compare XI c and XII c, Table 3, witli samples No. 4, 5, 8 and 9, 
Table 4). 

Next some series of dialysing experiments were performed at 
pH 3.8 and 4.3 with enzyme solutions which had pre\dously been 
dialyzed at pH 4.8. 100 ml of enzyme solution containing 6 units 
per mm^ of solution were dialyzed at pH 4.8 and 0° for 24 hours 
(Dialysis XIV). A precipitate formed during the dialysis was 
centrifuged off. Tlie enzyme activity was unimpaired by the dia- 
lysis. The dialysate was concentrated in vacuum to the same 
volume as the dialyzed enzyme solution. 10 ml portions were then 
dialyzed at 0° and pH 3.8 respective!)'' 4.3 for 24 hours as described 
before. All solutions were then neutralized to pH 7.4. The dialy- 
sates w'ere concentrated to the same volume as the contents of 
the cellophane tubes and the enzyme actmty was determined. 
Typical values are given in Table 5. 

Prom the figures in Table 5 it is obvious that a reacti'vation 
takes place when the partially inactivated enzyme from the 
cellophane tubes is diluted with an equal volume of dialysate. No 
spontaneous reactivations ■n'ere observed in these>serles of experi- 
ments. 
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Tnl)lo 5. 

Eeaciivation of aminopohjpeptidase inactivated by dialysis 
at pH S.s and J/.s, 

Experimcntnl data as in Table 3. 


No. 

Fraction 

Bigc.ttion 
time in 
minutes 

Date 

pH at 
the end of 
dialysi.s 

Enzyme 
activity 
in mnV 
n/20 HCl 

1 .... 

xrc 

120 

Atigust Stii 

3.90 

3.5 

0 

XV D 

210 


3.S0 

0 

3. . . . 

XVI c 

30 

» 

4.30 

7.0 

4.... 

XVID 

240 


4.30 

0 

5. . . - 

XV C-i-XV B 

120 

» 


7.5 

G.... 

XVI C.fXIVD 

.30 

» 


h.o 

7 

XVI C-^f-XVI D 

30 

» 


6.0 

8.... 

XV C 

120 

Augii.*!! 9th 


3.5 

n 

X17 C 

30 

» 


6.S 

10.... 

XV C^i-XIV D 

120 

e 


9.0 

11.... 

XVI C-^-XVI B 

30 

» 


9. 1 


Discussion. 

The cataphorctical analysis of aminopolypeptidase was carried 
out on rather impure material. If any conclusions should be drawn 
from the results, the enzyme seems to migrate to the anode at 
physiological liydrogcn ion concentration and come to a standstill 
at plf 4.0. Similar qualitative results were obtained in a cataphore- 
tical analysis of a liighly purified aminopol}’peptidase from cattle 
muscle (Agrf.n, 19-14). Thi.s supports the validity of the results 
obtained above. In contrast to the results obtained 1937 by 
Agre.v and Ha.m.marsten on carbo.vypolypeptidase, aminopoly- 
peptidase migrated in glj'cerol solutions where the latter enzyme 
obviously is dissociated. 

Tlic results obtained in the dialysing e.\periments are rather 
interesting. They .seem to demonstrate the presence of a low mole- 
cular activator in aminopolypeptidase. The nature of the group 
has as yet not been elucidated. From the work of MaschmAn 
(1913) it is clear that peptidases of bacterial origin inactivated by 
precipitation with acetone can be reactivated by addition of mag- 
nesium and mangan ions. In a recent paper S.MiTir andBERGMANN 
(1944) also demonstrated that dipeptidases, especially leucin- 
peptidases from the hog’s duodenal mucosa, after inactivation by 
precipitation with ammonium sulphate or acetone could be reacti- 
vated by addition of Mn++ or Mg++. These authors also invest!- 
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gated enzymes from the duodenal mucosa splitting tripeptides 
as alanylglycylglycine, leucylglycylglycine and several tripeptides 
containing diglycine. There was no activation by metal ions. The 
question if the active group in aminopolypeptidase is a metal must 
at present be left open. From the work of Smith and Bergmahn 
it is also clear that the problem can be advantageously studied 
only on the purified enzyme. 

Snmmary. 

In cataphoretical analysis the aminopolypeptidase of the hog’s 
pyloric-duodenal mucosa behaves as a compound with its isoelectric 
point close to pH 4.6. After inactivation by dialysis at pH 3.8 — L3 
the enzyme can be reactivated by addition of a dialysable factor. 

The writer is indebted to the Johan and Therese Anderssons 
Minne foundation for grants which supported the present investi- 
gation. He further acknowledges the valuable assistance of Mr L. 
Agren in carrying out some of the enzyme determinations. 
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The aim of the present investigation, started in 1937, -was to 
purify the aminopolypeptidase from the hog’s pyloric mucosa 
which according to previous investigations contains large amounts 
of the enzyme usually not contaminated by tryptic enzymes 
(Agren, 1937). Chemical and enzymatical methods were de- 
scribed in a previous paper (Agren 1945). Alanyl-glycyl-glycine 
was used as substrate. 


Purification Procedure. 

Fractioiiated acetone precipitation of glycerol extracted enzyme. 

Glycerol extracts of the mucosa as previously described (Agren, 
1944 a) were fractionated with ammonium sulphate and magne- 
sium sulphate without success. At pH 7.4 magnesium sulphate 
did not precipitate the " activity, and fractionated precipitation 
yielded no essential gain in purity. Several attempts to purify 
the enzyme by ammonium sulphate precipitation in a more acid 
reaction led to a complete inactivation of the enzyme. Therefore 
purification through acetone precipitation was tried. Table 1 
demonstrates the results obtained by precipitating 10 ml of cooled 
glycerol extract — diluted 1; 5 with water — with acetone cooled 
to —80°. 
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Acetone fractionation of a solution of aminopolypeptulase. 

10 ml of cooled aolution j)rccipilnt«d by the addition of cooled acetone. The 
precipitates solved in 3 ml of water. 


T'innl 

concentrntion 
of ncotonc 

Protein nitrogen 
in mg per ml 

Activity found 
in precipitntc 
Units X 10’ per 3 ml 

Activity calculated 
with 100 per cent 
yield 

Units X 10’ per 3 ml 

S3% 

O.ni 

0.3.1 

0.33 

0.3(1 

0. 57 

1. Xl 

1.80 

2.80 

5.1 

5.1 

5.1 

5.1 

50 % 

GG % 

80% 


By precipitation witlx acetone to 80 % a precipitate was obtained 
wliicli contained 2.3x10* units per mg nitrogen. The glycerol 
solution contained O.GoXlO* units per mg nitrogen, thus, a purifi- 
cation of four times was obtained, but about 50 % of the total 
activity was lost. Next, a series of fractionated acetone precipita- 
tions were carried out. Preliminary tests showed that the fraction 
precipitating between 00 — 80 % of acetone was the most active. 
In Table 2 the difference between the use of acetone cooled to 
— 13° and — 80° respectively is demonstrated. 

Table 2. 

Fractionated acetone precipitation of a solution of aminopoly peptidase. 


20 ml cooled extract diluted 1 : 10 and precipitated by addition of acetone 
cooled to — 13° respcctivch’ — 80°. Precipitntion.s solved on 3 ml of water. 


Acetone fraction 

Protein nitrogen 
in mg per ml 

Activity found 
in precipitates 
Units X 10’ per 3 ml 

Activity calculated 
with 100 per cent 
yield 

Units xlffporSml 

50% (—13°) 

0.C7 

1.47 

10.2 

50% (—80°) 

0.11 

3.80 

10.2 

60-80% (—13°) 

0.07 

2.31 

10.2 

50-80% (—80°) 

0.15 

4.70 

10.2 


The fraction 50—80 % (—80°) gave a precipitation containing 
10.4X10* units per mg nitrogen. The preparation had accordingly 
been purified about 15 times. The total yield was about 50 %. 
When an attempt was made to repeat the procedure with larger 
samples of solution (400 ml) the average total yield was only 
10—15 % and the activity was about 5 X 10* units per mg nitrogen. 
Obviously, the extended time of handling, necessary when prepar- 
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ing greater volumes, had a deleterious effect on the activity. The 
method had to be abaudoned, in particular because the preparation 
obtained could not be stored without constant loss of activity. 

Purification of aminojmhjpepfidase by {NE^)SO^-extraction of 
fres7i pyloric nnicosa. 

By extracting the pyloric mucosa with ammonium sulphate 
solutions, extracts suitable for further purification were obtained. 
Fresh, ground mucosa was extracted with four times its weight 
of 0.45 saturated ammonium sulphate in 0.1 m sodium bicarbo- 
nate by shaking for 1 hour at room temperature. Insoluble material 
was separated by centrifugation for 30 minutes at 3 000 r.p.m. 
The centrifugate was further purified by fractionated ammonium 
sulphate precipitation. To the 0.45 saturated extract, which con- 
tained about 9x10^ units per mg nitrogen, solid ammonium 
sulphate was added to 0.7, 0.8, 0.9 and 1.0 saturation. The pre- 
cipitates were filtered on Buchner funnels with a thin layer of 
coarse (Hyflow) Cel. The filter cake was extracted with 0.04 M 
NaHCOa and dialyzed against 0.04 M NaHCOs for 24 hours at 0°. 
The filtrate from the precipitation was dialyzed in the same way. 
In Table 3 the analyses from a series of fractionations are given. 

Table 8. 


Ammonixim sulphate fraciionaiion of a 0.45 saturated extract 
of pyloric mucosa. 


\ 

1 

Concentration of 
nmnionium sulphate 

Activity in 
per mg of 

unit.s XlO’ 
nitrogen 

Per cent activity 
of original in 

Precipitate 

Filtrate 

Precipitate 

Filtrate 

0.4.'; saturated extract 


9.0 



0,7 — saturation 

8.9 

2.4 

10 

90 

0.8 — s.aturation 

l.h 

4.0 

25 

75 

0.9 — .saturation .... 

12.1 

5.0 

70 

30 

1.9 — saturation 

9.0 

0 

100 

0 


Fractionation between 0,45 and 0.90 saturation gave the best 
qualitative and quantitative results. A filter cake obtained by 
fractionation in this way was extracted with 0.1 M phosphate 
buffer pH 7.4. After centrifugation of Hyflow Cel the centrifugate 
was brought to pH 6.0 by addition of acetate buffer, pH 4.6, 
and mixed with an equal volume of 1 M copper hydroxide sus- 
pension, as described by Herriot (1938). The mixture was stirred 
for 5 minutes and filtered on a Buchner funnel. The copper 
17 — i5026G. Acta pliys. Scandinav. Vol. 9. 
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hydroxide enke was extracted with a volume of 0,2 M phosphate 
buffer equal to the volume occupied by the protein solution just 
before mixing with the copper suspension. The copper hydroxide 
was filtered off. The filtrate contained 30x10’ units per mg nitro- 
gen. The yield was about 90 %. Through the procedure the enzyme 
had been purified about 46 times, as compared with the enzyme 
in the glycerol extract. 

Purification of aminopohjpc'ptidasc from dried pyloric mucosa. 

Through the Astra Corporation, Sodertalje, large quantities 
of vacuum-dried pyloric mucosa were obtained.’ 1 g of the dried 
mucosa corresponded to about 6 g of fresh material. 100 g of dried 
mucosa were extracted with 2 000 ml ammonium sulphate, the 
concentrations ranging bet\vcen 0.30 — 0.45 saturation. The best 
results were obtained by extraction for 1 hour at room tempera- 
ture with the 0.35 saturated solution containing 0.1 m NaHCOa- 
The mixture was centrifuged for 30 minutes at 3000 r.p.m,, and 
the centrifuged and filtered solution was brought to 0.9 saturation 
by adding solid ammonium sulphate. The suspension was allowed 
to settle for about 30 minutes, and filtered after addition of 
about 7 g of coarse Cel on 30 cm Buchner funnels covered with 
filter paper and a layer of coarse Cel, The filtrate was discarded. 
The filter cake was extracted with 0.1 phosphate buffer pH 
7.4 and the filter Cel separated by centrifugation. An attempt was 
made to repeat the copper hydroxide adsorption as described 
above. Qualitatively, the degree of purification was the same, but 
the yield was only a few per cent and could not be raised, in spite 
of extensive variations of the experimental conditions. 

Next, an attempt was made to purify the enzyme of the filter 
cake from 0.9 saturation by repeated ammonium sulphate frac- 
tionations. The filter cake was extracted with a volume of 0.1 M 
phosphate buffer pH 7.4 equal to one tliird of the volume occupied 
by the protein solution just before bringing it to 0,9 saturation 
with ammonium sulphate. The filter Cel was separated by centri- 
fugation and the centrifugate divided into equal parts and precipi- 
tated by 0,70, 0.80 and 0.90 saturation by addition of the solid 
salt. The activity was quantitatively recovered, but there was no 
essential gain in purification. 

Different adsorption methods were investigated. The enzyme 
solution was a phosphate extract of the filter cake obtained by 
fractionated precipitation betw'een 0.35 and 0.90 saturation, as 

Thanks are due to the Astra Corporation for gifts of Stotal powder. 
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described above. The solution vas dialyzed at 0° for 6 hours 
against 0.01 M disodium phosphate. Fresh precipitated CaCOj 
partially adsorbed the activity, but no purification was obtained. 
On freshly precipitated Ca(OH), the enzyme was completely 
adsorbed, but could not be profitably eluated. The Tswett ad- 
sorption procedure was next investigated. A column of CaCOs- 
washed with acetate buffer pH 5.6 was easily passed by the 
enzyme, as well as by the nitrogen and carbohydrate impurities.. 
Ou a column of Brockmann Al.Oj the enzyme was strongly 
adsorbed, as demonstrated by the following experiment. 

20 ml of a dialyzed extract on the filter cake obtained by frac- 
tionated precipitation between 0.35 and 0.9 saturation, as des- 
cribed above, was passed through a 6 cm high column of closely 
packed Brockmann Al-Oj. The column had previously been washed 
\vith 20 ml of 0. 1 N acetate buffer pH 5. 7 and the enzyme solution 
had been acidified to the same pH. The column was afterwards 
washed with 20 ml of 0. 1 N acetate buffer pH 5.7, which were taken 
together vith the filtered enzyme solution. The column was divided 
into three equal parte. Each was eluated with 10 ml of 0.1 Mphos- 
phatebuffer pH 7.8. Tlie results of the chemical and enzymatical 
analysis are given in Table 4. 

Table 4. 


Adsorption of a solution of aminopolypepiidase 
on BrocTanann aluminium oxide. 


.Sample 

Activity 
in units 
per mm’ 

Protein 
nitrogen 
in rag per ml 

Total 

carbohydrates 
in mg per ml 

Enzyme solution 

11 

0.95 

0.4G 

Filtrate-f-vaeliings 

0 

0 

0.025 

Eluatcfrom upper third of the 



0.118 

column 

1.2 

0.31 

Eiuate from center part of the 




column 

1.3 

0.22 

0.11 

Eiuate from the lower part of 




the column 

1.0 

0.10 

0.07 


The Brockmann aluminium oxide could obviously not be used 
for a further purification of the enzyme. By a similar series of 
procedures aluminium silicate, aluminium oxide pure (Schering- 
Kahlbaum), aluminium oxide techn. (Schering-Kahlbaum), alu- 
minium hydroxide pure (Schering-Kahlbaum), aluminium hy- 
droxide free from alkali (Schering-Kahlbaum) and bauxite were 
tested without more success. Usually, the enzyme activily cal- 
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culated per mg nitrogen increased, but that calculated per mg 
carbohydrate was unchanged. The total yield of activity was 
usually not more than about 10 per cent. A necessary condition 
for reproducible results -was to dialyze the enzyme solutions before 
the adsorption, so that the ammonium sulphate concentration 
was less than 1 mg per ml. Solutions containing higher concentra- 
tions of ammonium sulphate w’ere only slightly adsorbed during 
the standardized conditions — 30 ml enzyme solution and a 7 cm 
liigh column of about 12 g of the aluminium compoimd to be tested 
— owing to the fact that the enzyme solution turned alkaline 
during the passage of the column. More promising results were 
obtained with aluminium oxide anhydrous extra pure (jMerck). 
The following solutions were used in a typical experiment; 

S 1 = 1 part 0.1 N acetic acid -f 9 parts of 0.1 N sodium acetate. 

S 2 = 1 part 1 N acetic acid + 9 parts of 1 N sodium acetate. 

S 3 = 1 part 8 N acetic acid 9 parts of 8 N sodium acetate. 

S 4 = 1 part 0.1 monosodium phosphate + 9 parts of 0.1 M diso- 

dium phosphate. 

S 5 = 27 ml dialyzed extract of the filter cake from the usual 
ammonium sulphate fractionation. The filter cake was extrac- 
ted with 0.1 M phosphate buffer pH 7.4 until no more activity 
could be washed out, and then dialyzed for 6 hours at 0° 
against 0.01 M disodium phosphate. The dialyzed enzyme 
solution was free from ammonium sulphate (Nessler). 
3 ml S 2 and 0.7 ml S 3 were added. The nitrogen content 
of S 5 should be about 0.8 mg/ml. 

The column was washed by the passage of 15 ml S 1. Then 
S 5 "was passed by gentle suction, the velocity being about 2 ml 
per minute, and afterwards the column was \s’-ashed with 40 ml 
of S 1. The filtrate from S 5 and the 40 ml of S 1 (= Filtrate 
1 A and 1 B) were dialyzed for 6 hours against 0.01 M disodium 
phosphate. The column was shaken in two periods of 30 minutes 
each, with respectively 30 and 20 ml of S 4. (= Filtrate 2 A 
and 2 B).. Chemical and enzymatical analysis are given in Table 5. 
The aluminium oxide could not immediately be used for further 
experiments. 

In S 6 the activity per mg nitrogen and carbohydrate were res- 
pectively 4x10^ and 9x10® units. In F2A the values were respec- 
tively 8 X 10® and 20 X 10® units, and in F2B 8 X 10® and 20 X 10®. 
If F2A and F2B were taken together the enzyme was purified twice 
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Table 5. 


The adsorption of a sohdion of partially purified aminopolypepiidase 
on Merck's anhydrous aluminium oxide. 

The abbreviations are explained in the text. 


Sample 

Volume 
in ml 

Activity 
in units 
per mm’ 

Protein 
nitrogen 
in mg per ml 

Carbohj'drates 
in mg per ml 

yield in 
per cent 

So 

30 

3.0 

0.77 

0..14 

100 

F lA 

30 

0 

0 

0.04 

0 

F IB 

40 

0.05 

0.05 

0.05 

1.5 

F 2A 

30 

1.8 

0.22 

O.oo 

60 

F 2B 

20 

0.8 

0.1 0 

0.04 

27 


with, regard to both protein and carbohydrate impurities and 
with a total yield of nearly 90 per cent of the original activily. 

The dialyzed enzyme extract used in the previous experiment 
could also be purified by precipitation with lead acetate in the 
following way. 10 ml samples of the solution were precipitated 
with respectiveh' 0.3, 0.4 and 0.5 ml of 0.5 N lead acetate. The 
precipitates were immediately centrifuged, the centrifugates 
neutralized to pH 7.4 and analyzed. Typical results are given 
in Table 6. 

Table 6. 


The precipitation of a partially purified solution of aminopoly peptidase 

hy lead acetate. 


Lead acetate in ml 
per 10 ml of enzyme 
solution 

Activity 
in units 
per ram’ 

Protein 
nitrogen 
in mg per ml 

Carbohydrates 
in mg per ml 

Yield in 
per cent 

Enzyme solution 

5.0 

0.72 

0.38 

100 

» * -i-0..A ml 

3.0 

O.CO 

0.31 

60 

» » -i-0.4 ml 

2.5 

0.2 0 

0.20 

50 

t » -f0.fi ml 

2.0 

0.15 

0.13 

40 


The enzyme activity calculated per mg nitrogen and carbo- 
hydrate after precipitation with 0.3 ml lead acetate was respec- 
tively 5x10^ and 9.5x10® units, Avith 0.4 ml lead acetate 12.5X 
XlO® and 12.5x10® units, and Avith O.G ml lead acetate. 13x10® 
and 15x10® units. In spite of the less favourable yield it was 
decided to use 0.6 ml lead acetate per 10 ml extract. With a com- 
bination of lead acetate precipitation and adsorption on alumi- 
nium oxide a further purification could be obtained. The following 
solutions were used. 
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S 1 = 0.1 JST acetate buffer pH 5.7 
S2 = 1 N acetate buffer pH 6.7 
S 3 = 0.6 N lead acetate 

S 4 = A dialyzed solution of enzyme prepared as stated above in 
tbe adsorption experiment. 

S 5 = 0.1 M phosphate buffer pH 7.8. 

To 50 ml S 4 were added 3 ml S 3. The precipitate was centri- 
fuged and to the centrifugate was added 5 ml S 2 (= S 6). This 
solution was sucked through the standard column of anhydrous 
aluminium oxide previously washed with 16 ml SI. (Filtrates 
respectively FlA and FIB.) The column was afterwards washed 
with 30 ml of S 1, and then the enzyme activity was eluated by 
shaking the aluminium oxide twice for 30 minutes with respectively 
30 and 20 ml of S 5. Each time the aluminium oxide was filtered 
off. (Filtrates respectively F2A and F2B.) The filtrated eluates 
were analyzed after neutralization to pH 7.4. Typical values arc 
given in Table 7. 

Tahlo 7. 

The purificalion of aminopolypeplidase by precipitation with lead 
acetate followed by adsorption on anhydrous aluminium oxide. 

Small scale experiment. 


Tho abbreviations are explained in the text. 


Sample 

Volume 
in ml 

Activity- 
in units 
per mm* 

Protein 
nitrogen 
in mg per ml 

Carbohj'drntcs 
in mg per ml 

Yield in 
■per cent 

S4 

S 6 

50 

45 

80 

SO 

20 

3.8 

1.5 

0.80 

0.15 

0 

0.05 

0.O2 

0.38 

O.io 

0 

0.03 

O.oi 

100 

36 

F1A\ 

0 

0 

F IB/ 

F 2A 

1.9 

30 

F 2B 

0.5 

6 


The enzyme activity calculated per mg nitrogen and carbo- 
hydrate in F2A were 38x10’ and 63x10’ units and in F2B 
25 X 10’ and 50 X 10’ units. The advantage of the combined method 
is obvious. 

When an attempt was made to apply the combined method on 
a larger scale several difficulties were encountered. All the experi- 
ments necessary to standardize the procedure cannot be given in 
•details. On the small column it had been tested that 60 ml of 
enzyme solution precipitated with lead acetate as described 
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above could be adsorbed without greater losses. The large column 
was also made 7 cm high, and contained 12 times as much AI0O3 
as the small one. The intention was to use each column for the 
adsorption of 600 ml of the dialyzed extract of the filter cakes. 
They were prepared from 10 kg of dried pyloric mucosa in frac- 
tions of 100 g, which were extracted and fractionated between 
0.35 and 0.9 saturation with ammonium sulphate, as described 
above. The enzyme precipitated with 0.90 saturation was stored 
at 0° until all the material was prepared to this stage, whereupon 
a thorough mixture of all the filter cakes followed. About 40 g 
of the mixed filter cakes were extracted with 100-f-80-|-50 ml 
of 0.1 M phosphate buffer pH 7.4, and dialyzed for 4 hours at 0°, 
stirred all the time, in three cellophane tubeo 0 = 27 mm, 
against 6 000 ml of 0.01 M diso'dium phosphate, which were 
renewed after 60 and 150 minutes. After dialysis the content of 
the cellophane tubes — containing less than 1 mg of ammonium 
sulphate per ml — was diluted with water to about 600 ml (SI). 
The protein nitrogen should be about 0.8 mg per ml'. The solutions 
in portions of 100 ml were heated at 50° for 3 minutes, and rapidly 
cooled to room temperature. (S 2). Then a preliminary adsorption 
with anhydrous AI2O3 (JIerck) followed. After heating the solution 
was acidified to pH 6.0, and 18 g of AI2O3 were added. The mixture 
was shaken for 5 minutes and centrifuged. 100 ml portions of the 
centrifugate (S 3) were precipitated with the optimal amount of 
0.5 N lead acetate, usually 5 ml per 100 ml S 3. The lead acetate 
was added by drops with constant shaking, and followed by a 
careful grinding of the precipitate with a glass rod. The mixture 
was centrifuged for 5 minutes at 3 000 r.p.m. To the centrifugate 
(S 4) were added 150 ml 1 N acetate buffer pH 5.7, and after 
washing the column with 200 ml of 0.1 N acetate buffer pH 5.7 
the acidified enzyme solution was sucked through the column. 
This was washed with 300 ml of 0.1 N acetate buffer pH 5.7 and 
then the column was extracted for 30 minutes with 500 ml of 0.1 M 
phosphate buffer pH 7.8. The mixture was filtered through a 
Buchner funnel and the filtrate (F 1) analyzed after neutralization 
to pH 7.4. In Table 8 the results from a typical experiment are 
given. 

The enzyme activity calculated per mg of nitrogen and carbo- 
hydrate in Fl were 60x10® and 83x10® units. The corresponding 
figures in S 1 were 7.5 X 10® and 13 X 10® units. The following remarks 
may be made to the method outlined above. The dialyzed solution 
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must not contain more than 1 mg of ammonium sulphate per ml 
enzyme solution. Otherwise the lead acetate precipitation will not 
give optimal results and the adsorption on AI2O3 will be carried 
out in alkaline reaction. The dialyzed solution must not be stored 
at 0° for more than 24 hours. Through the heating procedure the 
enzyme activity was stabilized, so that the concentrated and 
precipitated enzyme in F 1 could be stored for several months 
without inactivation. 

Table 8. 

The purification of aminopoly peptidase by precipitation with lead 
acetate followed by adsorption on anhydrous aluminium oxide. 

Laige scale experiment. 

Tho abbreviations arc given in the text. 


Sample 

Volume 
in ml 

Activity 
in units 
per mm’ 

Protein 
nitrogen 
in mg per ml 

Cnrbobydrnte.s 
in mg per ml 

Yield in 
per cent 

SI 

GOO 

6.0 

0.80 

0.45 

100 

S2 

600 

5.8 

0.77 

0.44 

97 

S3 

580 

5.0 

0.70 

0.30 

80 

S4 

550 

4.4 

0.12 

O.io 

61 

PI 

530 

2.5 

0.05 

0.03 

37 


The enzyme solution purified through the method outlined 
above was acidified to pH 6.G and concentrated in a vacuum 
at 4-12° to 1/lD by volume. Phosphate crystals formed during 
the concentration tvere filtered off and the filtrate brought to 
0.9 saturation of ammonium sulphate in m/10 sodium bicarbonate 
by adding the solid salts. The suspension mixed with some coarse 
Cel was filtered on a Buchner funnel covered with a layer of coarse 
Cel. The filtrate was discarded. The filter cakes could be stored 
at 0° for several months without inactivation of the enzyme 
activity. Several attempts to a further purification of the enzynie 
through repeated fractionated precipitation with ammonium 
sulphate or lead acetate did not meet with any marked progress. 

In view of the favourable results obtained in the cataphoretical 
purification of aminopolypeptidase from muscle (Agken, 1944) 
the possibilities to purify the closely allied enzyme from, the pyloric 
mucosa by the same method were further investigated. As pre- 
viously demonstrated the enzyme in an impure state seemed to 
have an isoelectric, point close to pH 4.6 (Agken, 1946). 1 g of 
the filter cake containing enzyme purified by the combined 
method was extracted with 20 ml of water and dialyzed in cello- 
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Table 9. 

The peptidase activity of phosphate extracts of dried respectively fresh 
pyloric mxicosa and the highly purified aminopolypeptidase 
obtained from the dried mucosa. 

Activity calculated per 8 mm’ of extract and 1 hour digestion at pH 7.4 
and 40°. 





Enzjune activity in mm’ n/20 HCI 




■ 

Sample 


Aminopolypeptidase 





Dipeptidase 




AGG 

AGA 






GA 




VG 

AL 

LA 

VA 

Extract of 
dried pyloric 
mucosa .... 

68 

51 

24 

20 

19 

12 

10 

3.0 

3.2 

1.5 

0 

3.1 

0 

0 

0 

Extract of 
fresh pyloric 
mucosa 

SO 

69 

44 

25 

28 

23 

2.0 

33 

4.2 

21 

5.5 

7.8 

0 

0 

0 

Extract of 
purified ami. 
nopolypepti- 
dasc 

70 

79 

47 

46 

6.0 

7.1 

0.5 

0 

0.2 

Oa 

0 

0.1 

0 

0 

0 


Abbreviations: A = alanine; G = glycine; L = leucine; V = valine. 


phane tubes, 0 — 27 mm, for 6 hours at 0° with constant stirring 
against 1 500 ml of the buffer to be used in the cataphoresis The 
buffer was renewed after 2 and 4 hours of dialysis, and after 6 
hours the values of pH and conductmty of the buffer and the 
content of the cellophane tube were the same Some cataphoretical 
experiments were carried out at pH 6.8 and 5.8 with phosphate 
buffers of the usual ionic strength and the same strength of cur- 
rent. At both pH only one component migrated to the anode, 
none to the cathode. At pH 6.8 the migrating boundary had just 
passed out of the top anodic cell after 3 hours, and at pH 5.80 
after 6V2 hours. In several experiments both at pH 6.80 and 5.80 
the cataphoresis was interrupted after shorter times, and the en- 
zyme activity of the different cells was analyzed. The enzyme 
activity of the top anodic ceil corresponded to what would be the 
calculated value if the migrating boundary was caused by the 
migrating enzyme. At pH 5.80 the activity of the enzyme which 
had migrated into the top anodic cell was 60 X 10® units per mg 
nitrogen and 160 X 10® units per mg carbohydrate. The cataphore- 
tical experiments could not be carried out at a pH less than 5.0, 
since the enzyme in the final pure state was slowly inactivated in 
the dialysis preceding the cataphoresis. The enzyme gave the usual 
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Table 10. 


The purification of arninopolupeptidase. 


Procftinro 

Activity in 
units XlO’pcr 
nig protein 
nitrogen 

Activity in 
units per mg 
carholiydratc 

yield 

30% plyoerol extract of jij’Ioric mucosa 

0.C5 

1.1 


100 R of dried pyloric mucosa extracted 
with 2,000 mi 0.35 saturation of am- 
monium Btilphato in m/10 sodium Id- 
carbonate by (ihakinp for 1 hour. The 
unsolved separated by centrifiipation 
and filtration on a lluehner funnel 
covered with coarse (Ilvflow) Cel.--^1 

2.0 

3.C 

100 

No. 1 was brought to O.od saturation of 
ammonium sulphate by addition of 
the solid salt. Tlie suspension was 
allowed to settle for 1 liotir and fil- 
tered after the addition of 7 g of 
coarse Cel on 30 cm lluehner funnels 
covered with filter paper and with a 
layer of coarse Cel. The filter cake 
was extracted with 0.1 1 phosphate 
pH 7.1 and dialyxed against O.oi M 
disodiumphosphnto. The dialyr.cd en- 
zyme solution diluted to contain 
about 0.8 rag nitrogen per ml.sT-2 . . 

8.4 

13 

SO 

No. 2 heated to 60° for 3 minutes and 
the cooled solution shaken with an- 
hydrous AljOj for five minutes fil- 
tered and precipitated with optimal 
amount of 0.5 N lead acetate. Centri- 
fugate=3 

37 

44 

44 

No. 3 adsorbed on about 100 g of an- 
hydrous AljOj (lilerck) and eluated 
with m/10 phosphate buffer pH 
7.8-4 

r>o 

83 

SO 

No. 4 concentrated to Vu by volume, 
filtered from phosphate crj'stnls and 
brought to 1.0 saturation of ammo- 
nium sulphate in m/10 NaHCo, by 
addition of the solid salts. About 0.5 
g of coarse Cel was added and the 
suspension filtered on a Buchner 
funnel covered with a layer of coarse 
Cel - 5 

50 

83 

30 

About 1 g of filter cake from 5 extracted 
with water, diab’zcd against cata- 
phorcsis buffer pH 5.8 for 6 Imurs. 
Catapborcsis for 6.5 hours. The con- 
tent of the top anodic cell = G 

60 

160 

7 


colour reactions for amino acids. Several attempts to crystallize the 
enzyme were carried out on the concentrated eluates from the com- 
bined lead acetate-adsorption procedure, but without success. 
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In a previous paper it was demonstrated ttat extracts from tke 
fresh, and dried pyloric mucosa had about the same range of enzyme 
activity when tested on a series of peptides (Agren, 1942). For 
purposes of comparison a similar investigation was carried out 
with the highly purified aminopolypeptidase (cataphorized 
material). The values are given in Table 9. 

The most conspicuous result is that the purified aminopolypep- 
tidase has been almost completely freed from the dipeptidase 
acthdty present in the original enzyme extract. The enzyme 
affinity, against the different tripeptides had not been much 
changed during the purification. Quantitative data from the 
different stages of the purification method are given in Table 10. 

Discussion. By the method outlined above the aminopolypep- 
tidase of the pyloric mucosa can be purified about 100 times, when 
calculated on nitrogen values, and obtained in a fairly pure 
state. The jueld of the method was about 30 per cent. The purest 
product obtained by cataphoretical analysis contained less than 
3 per cent of carbohydrate, and the enzyme is probably a carbo- 
hydrate-free protein like the closely allied enzyme present in 
the muscle (Agrex, 1944). The purified enzyme was practically 
free from the dipeptidases present in the original extract. The 
cataphoretical homogeneity does not, however, prove that a 
single enzyme is responsible for the splitting of all the analyzed 
tripeptides. On the other hand, the tendency of the enzyme to 
split the different tripeptides is about the same in the crude 
original extract and in the final purified product. That must mean 
that if we are not dealing with a single enzyme the different 
enzymes must be closely allied chemically, in order to run parallel 
through the whole purification method. The instability of the 
purified enzyme did not allow of a more accurate determination 
of the isoelectric point, but the data available does not contradict 
the preliminary results showing that the isoelectric point would be 
close to pH 4.6. Several experiments were also performed on the 
purified enzyme to settle the question, discussed in a previous 
paper, as to whether aminopolypeptidase is a manganese protein. 
The enzyme was inactivated by different procedures, but no 
activation of added Mn-j — f- was obtained. At the time of the 
investigation (the beginning of 1942) the purification method 
outlined above had to be abandoned due to the lack of the special 
aluminium oxide used, during prevailing conditions. 
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Summary. 

The aminopolypcptidasc from the liog’s pyloric mucosa has been 
purified abotit 100 times and obtained in a cataphoretical homo- 
geneous state. 'J'he enzyme i.s practically free from dipeptidase 
activity and seems to be a protein, free from, or with a very low 
content of, carbohydrates. 

The writer is indebted to the .Tohan and Therc.se Anderssons 
Minnc Foundation, the Karl Petrfm Foundation and the Astra 
Corporation for grants which supported the present investigation. 
He further acknowledges the valuable assistance of ^Icssns L. 
Agren* and ScnEiK as well as of iVns Agrek and Ivarlsson, and 
of Miss SuNDQUiST throughout the investigation. 
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The Purification of Aniinopolypeptidase from 
the Hog’s pyloric Mucosa. IH. 
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In a previous paper a method was described to purify the ami- 
nopolypeptidase from the hog’s pyloric mucosa 100 times (Agren, 
1945 a). In the beginning the interest was focussed mainly on the 
preparative work. However, the question came to the fore as to 
whether aminopolypeptidase could be identical with Castle’s in- 
trinsic factor (Agben, 1942). In a preliminary investigation with 
partially purified material (ptirified about 10 times) it was found 
that the enzyme solution apparently contained most of the in- 
trinsic factor activity present in the mucous membrane. It was 
therefore of interest to determine the intrinsic factor activity 
of the highly purified aminopolypeptidase. The previously de- 
scribed method could not be followed since the anhydrous alu- 
minium oxide used there was not available, due to prevailing 
conditions. This paper describes a partially new method, which 
gives a preparation of at least the same purity. Chemical and 
enzymatical methods were described in a previous paper (Agren. 
1945 b). 

Purification procedure. First of all, an attempt was made to 
regenerate the anhydrous aluminium oxide, used during the work 
by the previous method, with washing and boiling the product 
for different times with acids of different strength. The best re- 
sults were obtained by shaking for 30 minutes Avith 0.5 N HCl 
and then washing with distilled water. The yield of activity when 
using the regenerated AhOs was low however, even if the purity 
of product was satisfactory. Kaolin treated in different ways 
could not be used for adsorption. An attempt was also made 



270 


GUNNAR AGUEK. 


using a solution purified by lead aeetate precipitation, as descri- 
bed in the previous method, for the cataphoretic separation of 
the impurities without preliminary treatment with anhydrous 
aluminium oxide. Experiments were carried out at pH 5. 6 in phos- 
phate buffer and at pH 4.2 in acetate buffer of about the same 
ionic strength and the same strength of current. At pH 5.5 the 
enzyme migrated anodically and filled the top anodic cell after 
about 7 hours. The enzyme activity in the content of this cell 
was calculated per mg nitrogen and carbohydrate 45 X 10’ and 
120 X 10’ units respectively. The corresponding figures of the 
solution precipitated witli lead acetate were 24 X 10’ and 61x10’ 
units respectively. The purification was good, but the enzyme was 
purified about 70 times instead of 100 times. At pH 4.2 only one 
cathodically migrating boundary could be obscivcd. After 3 hours 
it had passed about of the top cathodic cell. Next, we tried to 
treat the filter calce, obtained by fractionated purification of the 
enzyme between 0.35 and 0.90 saturation of ammonium sulphate, 
with a saturated solution of sodium chloride, ammonium sulphate 
and sodium bicarbonate. The solution was made by shaking a 
saturated solution of sodium chloride with a surplus of the other 
solid salts, and had successfully been applied by Hammabsten 
in the separation of nucleic acids from proteins. By this procedure 
about half of the carbohydrate impurities in the enzyme preci- 
pitated with 0.90 saturation of ammonium sulphate could be 
removed with only a 4 % loss of the enzyme activity. When the 
residue was extracted with 0.1 M phosphate buffer, dialyzed and 
precipitated with the optimal amounts of lead acetate, as descri- 
bed in the previous paper, the activit}'- calculated per mg of car- 
bohydrate was not higher than wlien a phosphate extract from 
the untreated filter cake was precipitated with lead acetate under 
optimal conditions. These experiments, however, gave the %’aluable 
information that the carbohydrate impurities were more soluble 
than the enzyme activity in high concentrations of ammonium 
sulphate. 

Accordingly, a further purification was obtained by fractionated 
precipitation with ammoniiun sulphate of the enzyme solution 
precipitated with lead acetate as described in the previous paper. 
The method finally adopted was the following. 

1). 100 gm of vacuum dried pyloric mucosa were extracted with 
2 000 ml of a 0.35 saturated solution of ammonium sulphate in 
0.1 M sodium bicarbonate by shaking for 1 hour. The unsolved 
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material was removed by centrifugation, for 30 minutes at 3 000 
r. p. m. To tbe centrifugate about 7 gm of coarse (Hyflow) Cel 
were added, and tbe suspension filtered on 30 cm Bucbner fun- 
nels covered with filter paper and a layer af coarse Cel. Tbe fil- 
trate was brought to 0.9 saturation by tbe addition of solid am- 
monium sulphate. Tbe suspension was allowed to stand for about 
30 minutes and, after tbe addition of about 7 gm of coarse Cel, 
filtered as just described. Tbe filter cake containing tbe enzyme 
was easily removed from tbe rest of tbe Hyflow layer. About 
10 kg of dried pyloric mucosa was prepared to this stage and 
stored at 0°. 

2) . From about 160 gm of tbe filter cake the enzyme acthdty 
was quantitatively removed by extraction 3 times with 400, 320 
and 200 ml of 0.1 M phosphate buffer, pH 7.4 and centrifugation 
of tbe fUter Cel. Tbe centrifugate was dialyzed in 9 cellophane 
tubes, 0=27 mm, at 0° for about 4 hours with constant stirring 
against 0.01 M disodium phosphate, which was renewed after 
60 and 150 minutes. Tbe content of each ceUopbane tube was in 
this way dialyzed against 5 000 ml of 0.01 M disodium phosphate. 
The dialyzed enzyme solution was diluted with water to 2 400 ml. 
The protein nitrogen in the diluted solution should amount to 
about 0.8 mg per ml. The solution in portions of 200 ml was 
rapidly brought to 50° and kept at that temperature for 3 minutes, 
then rapidly cooled to room temperature again. 

3) . The heated enzyme solution was precipitated in 100 ml 
portions with the optimal amount of 0.5 N lead acetate, usually 
5 ml per 100 ml enzyme solution. The lead acetate was added 
by drops with constant shaking, and followed by a careful grin- 
ding of the precipitate with a glass rod. The mixture was centri- 
fuged for 6 minutes at 3 000 p. r. m. The centrifugate was neu- 
tralized to pH 7.4, and separated or filtered from an opalescense 
which developed at the neutralization. 

4) . The clear solution was concentrated in a vacuum at 12° 
to a tenth of the original volume and brought to 0.8 saturation 
of ammonium sulphate in 0.1 M sodium bicarbonate by adding 
the solid salts. Some coarse Cel was added and the suspension 
filtered on a Buchner funnel covered with filter Cel. The filter 
cake containing the enzyme was easily removed from the rest 
of the Hyflow layer. All the enzyme material stored as filter 
cake in 1) was prepared up to this point and stored at 0°. 

6). From a filter cake of 4) the enzyme was quantitatively re- 
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moved by extraction 4 times with 15+104-104-6 ml of 0.1 M 
phosphate buffer pH 7.4, Each time the filter Cel was separated by 
centrifugation for 20 minutes at 16 000 r. p, m. The centrifugate 
was dialyzed for 2 hours against 0.01 M disodium phosphate as 
described in 2), the phosphate solution being renewed after 60 
minutes. Tlie dialyzed enzyme solution was brought to 0.6 satu- 
ration of ammonium sulphate in 0.1 M sodium bicarbonate by 
the addition of the solid salts. Some filter Cel was added and the 
suspension filtered on a Buchner funnel. The enzyme material 
stored at 0° in 4) was prepared to this stage and stored at 0°. 

G), From a filter cake of 5) the enzyme was extracted and dia- 
lyzed as in 5). The dialyzed solution was brought to 0.5 saturation 
of ammonium sulphate in 0.1 M solution of sodium bicarbonate 
by adding the solid salts. The precipitate was centrifuged for 
20 minutes at 15 000 r. p. m. The centrifugate was brought to 
0,55 saturation of ammonium sulphate and centrifuged in the 
same way. The centrifugate was precipitated at 0.6 and then 
at 0.7 saturation of ammonium sulphate. The precipitates were 
solved in water. In Table 1 the chemical and enzymatical analyses 
of a typical fractionation are given. 

Table 1. 


Fractionaiion of a purified enci/me solution wiih ammonium sxilphaie 
of 0.50 tip to O.TO saturation. 


Precipitate from 

Solved io 

Enr.yme activity 
in units x 10’ 
per ml solution 

Protein 
nitrogen 
in mg per ml 

Garboliydrates 
in mg per ml 

0.5 fiatiiration 

5 ml 

220 

1.9 

1.0 

0.55 saturation 

8 » 

GOO 

4.9 

2.9 

O.CO saturation 

14 » 

86 

6.3 

7.5 

0.70 saturation 

8 . 

S.G 

1.0 

0.8 

Original solution .... 

40 » 

183 

5.t 

4.0 


The activity calculated per mg of nitrogen and carbohydrate 
of the 0.50 fraction were 116 X 10^ and 220 X 10“ units, and 
the corresponding figures for the 0.55 fraction were 120 X 10“ 
and 210 x 10“ units. These two fractions were taken together, 
and the solutions stored at ■ — 20°. The intrinsic factor activity 
of a solution prepared according to the method outlined above 
has been previously reported (Agken and Waldenstrom, 1944). 
Quantitative data of the different stages of the method are given 
in Table 3. 
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Table 2. 


The purification of aminopolypepiidase. 


The numbers refer to the figures 
of the different stages of the 
method of preparation 
given in the text 

Activity in 
units X 10’ 
per mg protein 
nitrogen 

Activity in 
units X 10’ 
per mg carbo- 
hydrate 

Yield in 
per cent 

30% glycerol extract of pyloric 
mucosa 

0.G5 

1.1 


No. 1 

2.0 

3.G 

100 

No. 2 

7.S 

14 

80 

No. 3 

17.1 

18 

40 

No. 4 

25 

28 

37 

No. 5 

34 

45 

37 

No. 6 

115 

210 

30 


The question as to whether aminopol 3 q)eptidase is a metal 
protein was investigated, by using the purified enzyme solution 
from 6). The presence of vitamin C in a concentration of 0.01 
M did not influence the activity of the enzyme. Copper ions in- 
activated the enzyme, as demonstrated by the following series: 

Activity of the enzyme solution (control) in units per mm“=l. 

Activity in the presence of 0.0025 M copper acetate in imits 
per mm® = 0.23. 

Activity in the presence of 0.0012 M copper acetate in units 
per mm® = 0.26. 

Activity in the presence of 0.00025 M copper acetate in units 
per mm® = 0.43, 

Activity in the presence of 0.00012 M copper acetate in units 
per mm® = 0.59. 

Cysteine and pyrophos 2 )hate also inactivated the enzyme: 

Activity in the presence of 0.01 M cysteine in units per mm® 
= 0,40. 

Activity in the presence of 0.001 M cysteine in units per mm® 
= 0.67. 

Activity in the presence of 0.001 M pyrophosphate in units 
per mm® =0.47, 

NaCN in a concentration of 0.01 N did not inactivate the 
enzyme, but Bergmann and Fruton (1937.) reported that 0.1 
N cyanide partially inactivated crude solutions of aminopoly- 
peptidase. The inhibiting effect of Cu"^"^ could be partially reT 

18 — i50266. Acta phys. Scandinav. Vol.9. 
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versed by tbe addition of NaON, as demonstrated by tbe follow- 
ing series: 

1) . Activity in tbe presence of 0.0012 N copper acetate in units 
per mm® = 0.17. 

2) . Activity in tbe presence ON" 0.012 N and 0.0012 M 
in nnits per mm® = 0.50. 

3) . Activity in tbe presence Cu‘^+ 0.0012 M and CN~ 0.012 N 
in units per mm® = 0.17. 

There was a tendency to formation of an opalescence in 1). 
No 2 was clear and in 3) tbe tendency to opalescence disappeared 
on tbe addition of sodium cyanide. 

JDiseussiooi. By tbe method outlined above tbe aminopolypep- 
tidase of tbe bog’s pyloric mucosa has been purified more than 
100 times when calculated on nitrogen or carbohydrate values. 
Tbe yield of tbe method was about 30 per cent, Tbe carbohydrate 
content of tbe purest preparation was less than 10 per cent. As 
compared with the previous method (Agren, 1946 a) tbe present 
one is less complicated, since it does not include catapboresis; 
moreover, tbe yield is better. Tbe success of tbe present method 
mainly depended on tbe property of being soluble in rather high 
concentrations of ammonium sulphate, which was shown by the 
carbohydrate impurities left after lead acetate precipitation. The 
catapboretical data are additional proof of tbe position of the 
isoelectric point of tbe enzyme in the vicinity of pH 4.6. 

Tbe question as to whether aminopolypeptidase is a metal pro- 
tein may be somewhat discussed. In a recent paper (Agree, 
1946 b) it was demonstrated that tbe enzyme after inactivation 
by dialysis at pH between pH 3.8 and 4.2 was partially reac- 
tivated by tbe addition of tbe concentrated dialysate. Tbe acti- 
vator must accordingly be a low molecular compound. On the 
alkaline side of tbe isoelectric point, which is probably close to 
pH 4.6, tbe enzyme could only very slowly be inactivated by 
dialysis, and tbe active group seemed to be more closely attached 
to tbe protein. Inactivation of an enzyme by complexforming 
compounds such as cyanide, pyrophosphate and cysteine is often 
explained by tbe presence of a heavy metal as active group in 
tbe enzyme (Warburg and Christian, 1943). This may also be 
tbe explanation of tbe inhibiting effects of these compounds on 
aminopolypeptidase activily, especially since the activator must 
be a low molecular substance as described above. Mn"*”^ seems 
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not to be an activator, and it bas not been possible to demonstrate 
the presence of manganese in tbe enzyme. Tbe nature of tbe ac- 
tivator -will be further investigated. At tbe time of tbe investiga- 
tion (tbe beginning of 1943) tbe purification method outlined 
above also bad to be abandoned, owing to tbe lack of tbe coarse 
(Hyflow) Cel under prevailing conditions. 

Summary. A new method bas been described for tbe purifi- 
cation 100 times of aminopolypeptidase from tbe bog’s pyloric 
mucosa. Tbe carbohydrate content of tbe enzyme was low. Tbe 
presence and nature of tbe active group of tbe enzyme bas been 
discussed, 

Tbe writer is indebted to tbe Johan Anderssons Minne Foimda- 
tion, tbe Karl Petr6n Foundation and tbe Astra Corporation for 
grants which supported tbe present investigation. He further 
acknowledges tbe valuable assistance of Messrs. L. Agren and 
Schein, as well as of Mrs. Agren and blrs. Karlsson and of Miss 
Sundquist throughout tbe investigation. 
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Introduction. 

Wlien Tigerstedt and Bergman took up the question of the 
importance of the iddneys for the circulation, they were inspired 
by BrowN'Sequard’s investigations into the internal secretion 
of the kidney. As we know, Tigerstedt and Bergman (1898) 
found in the cortex of the kidney a stulf which they called renin, 
the pressor effect of which they demonstrated in experiments 
on animals. They considered that the renal venous blood nor- 
mally contained renin, and discussed the possibility that hyper- 
tension in man might be attributed, to an abnormal liberation 
of renin from the kidneys into the blood. 

The question as to the importance of renin for the pathogene- 
sis of hypertension was brought into renewed prominence after 
the investigations of Goldblatt and his co-workers, in which 
it was shown that in laboratory animals, on partial occlusion 
of the renal arteries, a hypertension, which in later investigation 
was found to be due to an increased content of renin in the renal 
venous blood, could be produced. 

Also after total ischemia, by complete occlusion of the renal 
vessels, a liberation of renin can be produced in dogs, cats and 
rats, as was first shown by Dicicee (1937) and Taquini (1940) 
and afterwards, in extensive investigations, by Prinzmetal, Le- 
ms and Leo (1940). 
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At first this giving-off of renin from the kidneys was cautiously 
mentioned. An abnormal “liberation” of renin was merely sug- 
gested as a possible cause of experimental hypertension in test 
animals and of renally induced hypertension in man. Latterly, 
however, it has become usual to talk of a “secretion” of renin. 
Thus Page and Corcoran (1942) speak of an “increased secre- 
tion of renin” in animals with experimental renal hypertension. 
And Bratjn-SIenendez (1944) states that “whenever the blood 
pressure decreases, the normal kidney secretes renin, which through 
the formation of hypertensin will tend to restore normal blood 
pressure”. Finally, it should be mentioned that in the “Annual 
Review of Biochemistry” renin during the last few years has been 
placed under the heading of hormones. 

Content of Renin in Perfusates from Kidneys Perfused 
with Capillary-Injuring Substances. 

In some previous investigations (Bing 1944) it was confirmed 
that a pressor effect could be obtained in releasing a temporary 
total occlusion of the renal vessels in cats. And it was shown that 
a liberation of renin could be produced on total occlusion of the 
renal vessels and incubation of the kidneys in Ringer’s solution. 
If rabbit kidneys are perfused immediately after extirpation, no 
renin (or scarcely any) will be found in the perfusate, whereas 
after incubation at about 2° some pressor substance, and after 
incubation at 37° considerably more, can be found, with a ten- 
dency to an increase in amount with the duration of the incuba- 
tion. The liberated amoimt of renin will be quintupled to de- 
cupled if the kidneys before incubation are placed for about half 
an hour in 2 % phenol, toluol, ether or acetone. 

It may a 'priori be regarded as scarcely probable that kidneys 
placed in Ringer’s solution at 2° or at 37° would be able to main- 
tain the capacity for secreting for many hours after extirpation. 
It is still more improbable that incubation in phenol, toluol, 
ether or acetone would be able to produce such a secretion. It 
is far more prohable that the mechanism in the liberation of renin 
is a diffusion through injured capillaries, the permeability of lohich 
has been increased. A similar increase of permeability may be ex- 
pected to occur in the membrane of the renin-forming cells. 

If the increase in the renin content of the perfusate which is 
produced by placing the kidneys in phenol or toluol before ihcu- 
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bation is due to a cbauge in capillarj and cell permeability, it 
might be expected that an intra- vascular injection of these sub- 
stances -would produce a similar change. In order to ascertam 
whether this was the case, both kidneys were extirpated hrom a 
rabbit, one of them being perfused with 5 ml 2 % phenol, toluol 
or acetone, whilst the other, which served for control, was per- 
fused with 5 ml Ringer’s solution.^ After being kept for 5~10 
minutes at room temperature, each of the kidneys was perfused 
with as many ml Ringer (mixed with a little tricresol) as it weighed 
in grammes; the perfusion was repeated three times -svith the same 
amount of fluid. The renin content of the preparations was then 
examined after injection into a cat or dog narcotized -Ruth 6 eg 
chloralose per kg, and which had been pre-treated with 0.1 mg 
ergotamine tartrate and 1 mg atropine sulphate per kg of body- 
weight. Ergotamine was used because it had been shown by 
Euleb and Schmteblo-w (1944) to have a suppressing action 
on the moderator nerve mechanism with a following smoothing 
effect on the blood pressure, as was often observed also during 
the present investigation. 



Fie. 1. Distinctly greater pressor effect of perfusate from a rabbit kidney pr^ 
treated ivitb intravnscnlar injection of pbenol (Mark ^ than 
the other kidney from the same animal, -which ivns preteeated vith intravaaciuar 
injection of Binger’s fluid (Mark 5). 


As will be seen from Table I and Eig. 1, a distinct pessor ef- 
fect was found on almost all occasions after the injection of per- 
fusates from the kidney previously treated with phenol, toluol 

* I am indebted to Professor Wesiman, Karolinska Sjukbuset, for kindly 
supplying me with rabbit kidneys. 
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or acetone, irhereas perfusates from the control kidneys merely 
produced sligkt rises in blood pressure. It is also shown in the 
table that a corresponding intravascular injection of a 10 per 
cent NaCl-solution gave similar results. An injection of sapo- 
nin in the form of a 0.5 % extrabium fluidum senegae, was also 
followed by a liberation of renin, wMcb, however, was less marked. 

Table 1. 

Effect (in mm Hg) on the blood pressure of dogs or cats of perfusates 
from Mdneys previously perfused with toluol, phenol, acetone, hyper- 
tonous NaCl solution or saponin, and from the corresponding control 
kidneys perfused with Ringer. 


The bracketed tests were made with the same perfusate. 


Test 

Dosage in ml 

The kidney previously 

Effect 

Effect of 

No. 

per kg 

perfused with 

perfusate 

104 

0.50 

Toluol 

40 

0 

78 

1.10 

Toluol 

32 

10 

82 

0.50 

Toluol 

16 

3 



0.50 

Toluol 

16 

3 

■ _ 

0.50 

Toluol 

20 

3 

104 

0.5O 

Phenoll 

90 

10 

— 

0.25 

Phenol/ 

78 

0 

80 

1.00 

Acetone! 

86 

12 

— 

0.25 

Acetone > 

20 

8 

— 

0.50 

Acetone | 

36 

4 

— 

0.26 

Acetone! 

6 

4 

— 

0.50 

Acetone/ 

10 

5 

— 

0.50 

Acetone 

4 

4 

82 

0.50 

Acetone 

20 

4 

80 

1.00 

10 % NaCl solution! 

20 

6 

■ 

1.00 

10 % NaCl solution/ 

20 

12 

— 

0,50 

0.5 % Extract, fluidum Benegae\ 

5 

3 



1.00 

0.5 % Extract, fluidum senegae/ 

10 

10 

— 

1.00 

0.5 % Extract, fluidum senegae 

20 

9 

— 

0.50 

0.5 % Extract, fluidum senegae 

9 

4 

— 

1.00 

0.5 % Extract, fluidum senegae 

14 

6 


That the pressor substances occurring in the perfusate was 
renin was indicated by the configuration of the curve, by the 
thermolability of the substance, in that the effect disappeared 
on boiling, and by incubation tests with globulin, in which heat- 
stable hypertensin was formed. 


Phosphatase Content in Eenal Perfusates. 

When it had been clearly indicated by the above investigations 
that the mechanism in the release of renin in incubated rabbit 
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kidneys must be a diffusion, it ^vas of interest to investigate 
wbetlier also other enzymes diffused out and could be shown in 
the perfusates. In order to ascertain this, phosphatase determi- 
nations were made with Buck and Buck’s method (a modifica- 
tion of King and Armstrong’s method), in which the samples 
are incubated with a solution containing phenylphosphoric acid, 
and the amount of phenol split-off is determined. With this method, 
according to Buch, from 2 to 7 units of phosphatase are found in 
the serum of normal human beings. In the serum from some nor- 
mal rabbits I have foimd similar values. 

In perfusates produced in the above-mentioned manner, no 
phosphatase was found when the kidneys used were fresh, whereas 

with the use of incubated 
kidneys one found large 
concentrations of that sub- 
stance, which increased 
with the duration of the in- 
cubation, as indicated in 
Big. 2, which shows the 
values in perfusates from 
kidneys previously kept 
at room temperature in 
toluol for 30 — 40 minutes. 
In perfusates from kidneys 
which had been placed in 
Ringer’s solution without 
previous toluol treatment, 
considerably lower values wmre found for phosphatase as well 
as for renin: for example after one hour 1.5, after three hours 
6 and after five hours 30 units, that is about one-tenth of the 
value found in perfusates from kidneys pre-treated with toluol. 

Bor a more detailed comparison betAveen the contents of renin 
and phosphatase in renal perfusates, it was found expedient to 
determine the renin concentration after conversion into hyper- 
tensin. 

This urns done by incubating a suitable amount of perftisatc 
in 15 ml Ringer Avith 20 ml globulin solution for 10 minutes, 
after which the mixture was boiled and the precipitate centri- 
fuged off, washed and centrifuged again. The mixtured centri- 
fugates were filtered and concentrated by evaporation in a vacuum 
to 5 ml. The hypertensin solution thus produced Avas compared 



Fig. 2. The fignrc shoAvs the relation between 
the phosphatase content of perfusates of rabbit 
kidneys and the incubation time in Ringer’s fluid 
at 37° after pretreatniont with tolnol. 
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in the blood-pressure tests on cats with a standard bypertensin 
solution produced in such a way that the pressor effect of 0.1 
ml corresponded to the effect of 0.1 mg. tjramin (Edman, Euler, 
JoRPES and Sjostrand (194:2)b 



Kg. 3. The figure shows the relation between bypertensin and phosphatase 
content of perfusates of incubated rabbit kidneys. 

If with 0.1 ml of the unknown bypertensin preparation (x hy- 
pertensin) one obtains the same effect as with 0.1 ml standard 
hypertensiu, it is considered that there are 200 renin units in the 
perfusate, provided that 0.1 ml of the perfusate has been used 
for the globulin incubation. The unit is accordingly computed 
by dividing 200 by 10 times the number of cc in the perfusate, 
X bypertensin 

multiplied by ^ r-. 

standard hypertensm 

As will be seen from Fig. 3, there is a distinct relation between 
the phosphatase and the renin content of the perfusate. 

^ My thanks are due to Dr. Edjiak for kindly supplying me with such a 
standard solution and with globulin. I am greatly indebted to Docent B. Jo- 
SEPHSON for kind permission to make the determinations of phosphatase in the 
medico-chemical laboratory, Karolinska Sjukhuset. 
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Comments. 

The close relation beWeen the content of renin and phospha- 
tase in renal perfusates, like the above-mentioned perfusion tests, 
indicates that the mechanism in the liberation of renin in the tot- 
allj ischemic kidnejs is a diffusion through injured capillaries 
and cell membranes, the permeability of which has become ab- 
normally marked. 

These experiments, of course, tell us nothing about the mecha- 
nism in the liberation of renin from the partially ischemic kid- 
neys found in animals with experimental hypertension and in 
the kidneys of hypertonia patients. But we must reckon with the 
possibility that we are concerned here too not with an abnormally 
large secretion, but with a lesion of the capillaries and kidney 
cells accompanied by an abnormal discharge of renin. Hypertonia 
in fact occurs in a number of renal lesions in which the capilla- 
ries and cells are known to be injured. And from lesions of other 
parenchymatous organs it is known that the enzymes can diffuse 
out into the blood, just as is the case with the quinine-resisting 
lipases in liver lesions and vdth diastasis in lesions of the pancreas. 


Summary. 

The mechanism for the liberation of renin in totally ischemic 
kidneys was ascertained in investigations showing that, by per- 
fusing the kidneys with various capillary-injuring substances 
such as toluol, phenol, acetone, hypertonous salt solution and 
saponin, one obtains a liberation of renin which is best explained 
as a diffusion through injured capillaries and cell membranes, 
the permeabilify of which has been increased. This view is also 
borne out by examining the content in the perfusates of another 
renal enzyme, namely phosphatase. There is in fact a rather close 
relation between the content of renin and phosphatase. We must 
reckon with the possibility that the same mechanism is found 
in the abnormal liberation of renin in renally induced hyperten- 
sion in man and animals. 

The present investigation was supported by a grant from the 
iVohef Foundation. 
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Glands after Ilypophysectomy and Transection 
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Rccfivfd 2 Jannary 1945. 


Since the discovery of tlie hactogenic Jiormone by Stkickee and 
Giiukteu (1928) nmnerons investigators Jiavc shown that the 
anterior ioho of <ho pituitary o.vorciso.s a direct control over milk 
secretion (lit.: Xkl.sox, 19:1G, Tukxer, 1939, Follev, 1940, 
IliDDiiK, 1910). No .'‘utisfactory explanation lias ns yet been 
reached, however, either of the incchnnism by which the anterior 
lobe hormones necc.ssnry for lactation are released, or of the 
quo.siion n.s to As-hat extent the secretory activity of the mammary 
gland colls is dependant on other tlinn hormonal factors. 

ILvjimoxd (19.30) has collected evidence from e.xperiments of 
his oAvn ami of othor.s which .support his theory that the relief of 
pressure on the secreting cells by the Avithdrnwal of milk is of 
fundamental importance for the secretory process. A reflex re- 
leased by the tactile stimulus at the nipple, resulting in a contrac- 
tion of smooth muscles and a stasis of circulation in the mammary 
gland, brings about the "letting down” of milk. 

Selve (1934) on the other liand suggests that the suckling 
stimulus excites a reflex, in which afferent impulses cause the 
discharge of lactogenic anterior pituitary hormones. Selye’s 
assumption of a neuro-hormonal reflex mechanism is supported 
by the experiments of Selye, Coimir and Tiiomsox (1934), 
Ingelbrecht (1935), and Hooker and Wirltams (1939). 

Herorr (1939) and Descrins (1940) found in rats that transec- 
tion of the pituitary stalk during lactation caused cessation of 
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milk secretion and deatk of the young. This finding indicates 
that the reflectory impulses, as postulated by Selye, reach the 
anterior pituitary body by way of the hypothalamus and the 
pituitary stalk. Separation of the nervous connections between the 
hypophysis and the midbrain prevents the discharge of the anterior 
lobe hormones, necessary for lactation. 

If this is true, the structural changes occurring in active mam- 
mary glands after transection of the pituitary stalk should be 
similar to those developing after hypophysectomy. 

Herold and Desclins did not, however, follow the mammary 
gland changes microscopically, nor did they compare these changes 
with those occurring at corresponding stages after hypophys- 
ectomy or after weaning the young from normal lactating rats. 

Feeling the need for comparative experiments of this kind, we 
studied the mammary gland changes developing after weaning 
the young from normal lactating rats, after hypophysectomy or 
after transection of the h}’pophyseal stalk. 

Methods. 

The present investigation was carried out on pregnant and lactating 
albino rats, which had either been deprived of their young, hypophys- 
ectomized or had the pituitary stalk cut. 

The pituitary stalk is reached by the parapharyngeal route and 
severed outside the connective tissue capsule which surrounds the 
hypophysis. The bone lamina of the basisphenoid underlying the pituit- 
ary body remains unopened, thus avoiding surgical lesions of the 
hypophysis. — Other investigators who performed stalk transections 
on rats by the parapharyngeal route (e. g. Richter, 1933) have exposed 
the anterior pole of the hypophysis, separating the latter from the 
stalk inside the dural capsule. 

Apart from the procedure given below the operation is performed in 
the same way as a hypophysectomy (Selye, Collip and Thompson, 
1933). The posterior belly of the digastric muscles is divided. Without 
entering the buccal or nasal cavities the sphenoid bone is approached 
and freed rostrally until the intertransversal sinus, which appears as 
a dark transverse line, is clearly visible. The sinus is opened with a 
dental drill, and for a short time a small paraffin ball is pressed against 
the drill-hole in order to stop bleeding. The drill-hole is enlarged and the 
dura mater split with a fine surgical needle. The pituitary stalk is now 
exposed and severed by means of a fine pointless hook just broad enough 
to carry the hypophyseal stalk. 

At the end of the experiment we controlled microscopically whether 
the pituitary stalk had been completely cut. The microscopic examina- 
tion was performed on haematoxylin-eosin stained serial sections 
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through the hypothalnuuis with the hypophysis attached. In 3 out 
of 17 eases the control revealed a small remnant of the stalk. These 3 
animals were discarded. 

When the pituitary stalk is transected according to the technique 
mentioned above the hypophysis sliows the same structural changes 
as those described by Westjian, jAConsoirx and Hillarp (1933) 
when using another method. 

As a rough indication of the mammary gland activity the stomach 
contents and body-weight curves of the young were controlled. This 
was, however, not always possible. When the starving sucklings became 
too weak, they were exchanged with litters from normal lactating rats 
in order to supply the mammary glands with a constant suckling 
stimulus. In this %vay, in series 2 — 5 all animals were supplied with 
healthy litters until the experiment was concluded. The mammary 
glands were examined microscopically at different stages of the experi- 
ment. 

The glands were extirpated and fixed in a 10 per cent formalin solu- 
tion, embedded in paraffin, cut at 5 and stained ^vith hnematoxylin- 
cosin. Peripheral and central sections of the gland were examined. 

As the changes in the mammary glands occurring in the different 
experimental scries appeared sufficiently distinct in this way, we 
refrained from using more elaborate cytological methods. 


Material. 

The material for this investigation consists of 82 mammary glands 
from 25 albino rats after 

1) weaning the young after a period of normal lactation (table 1), 

2) hypoph)’sectomy during the second lialf of pregnancy (table 2), 

3) hypophyscctomy during established lactation (table 3), 

4) transection of the hj’pophyseal stalk during the second half of 
pregnancy (table 4), 

5) transection of the hypophyseal stalk during established lactation 
(table 5). 

The identification number for each rat is given in the second column 
of the tables, thus making it possible to follow the changes, developing 
in the mammary glands from one animal. — The amount of the paren- 
chyma and stroma is marked by cross signs, "parenchyma (p) ++-f +» 
stroma (str.) 0” corresponding to the gland volume durag normal 
lactation, "p. +. str. +-{— k-p” corresponding to an inactive gland of 
an adult female rat. 


Besiilts. 

As far as we know no systematic investigations of the mammary 
gland changes following transection of the pituitary stalk have as 
yet been performed. For comparative purposes, the structural 
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changes occurring in normal and hypophjsectomized animals 
are described in paragraph 1 — 3. They agree in essentials with 
those of earlier investigators (lit. Turner, 1939). 


1) Mammary gland changes after weaning the young during 
normal lactation (c. f. hlAEDER, 1922). 

Table 1. 


Mammary gland changes after weaning the young 
during normal lactation. 


Es^). 

Rat 

Mammary gland 
days after 

Microscopic examination 

no. 

parturi- 

tion 

Tvcaning 

1 

4 

1 

1 

p: +-1--}--}- str: 0 

2 

5 

9 

2 

Widel3' distended acini, empty or filled with 
secretion. Acinar cells vacuolated and with 
imeven indistinct boundaries on the side of 
the lumen and large vesicular nuclei. 

3 

4 

3 

3 

pt stn 

4 

1 

5 

3 

Acini distended with secretion. Lumina smal- 
ler than in exp. 1. A few collapsed acini. 
A number of acinar cells as before, most of 
them however with one large vacuol and 
irregularly outlined deeply stained nuclei. 

5 

2 

8 

4 

p: -f-h str: -f •+• 

6 

3 

9 

4 

Acini collapsed, but a few still with a small 
lumen distended with secretion. Ducts well 
distended with secretion. 

7 

4 

5 

5 

p; -f- str: -}--r + 

8 

9 

10 

G 

Acini as before. Number of acinar cells. 

9 

3 

11 

6 

however, reduced. Only a few ducts contain 

10 

5 

13 

6 

secretion Avithin the lumen. 

11 

4 

7 

7 


12 

2 

12 

8 

p: -t- str: + 

13 

3 

13 

8 

Acini and most of the smaller ducts col- 

14 

2 

14 

10 

lapsed. Number of acinar cells further re- 

15 

3 

15 

10 

duced. Only a few small ducts contain secre- 

16 

5 

17 

10 

tion within the lumen. 

17 

5 

20 

13 



Table 1 contains 17 experiments performed on 5 normally lactatmg 
rats, from which the litters had been weaned 1 — 7 days after parturi^ 
tion. 1 — ^13 days after weaning, we extirpated the mammary glands 
and examined them microscopically. 

On the Ist and 2nd day after weaning the mammary gland is still 
lactating. On the 3rd day (exp, 3 and i) the parenchyma begins to be 
reduced in proportion to the stroma. Most of the acinar cells show 
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.signs of degeneration and ceasing secretory activity. The parenchyma 
of glands studied at the Ith.— 7th day stages (exp. 5—11) is steadily 
decreasing. On the 8th day the gland has reached a more advanced 
stage of involution. The microscopic examination reveals an inactive 
gland, and this picture shows practically no change until the last day 
on which the glands were studied, that is the 13th. day after weahing. 

Lactation ceases about 3 days after weaning the young from 
normally lactating rats. In about 8 days after weaning the mam- 
mary gland reaches an advanced stage of involution. 


2) Bxxts hiffophysectomized during the second half of pregnancy 
(c. f. Jepfeks, 1936). 

Table 2. 


Mammary gland changes occurring after hypophysectomy 
during the second half of pregnancy. 


Exp. 

Bat 

Mammary gland 
days after 

Microscopic examination 

no. 

opera- 

tion 

parturi- 

tion 

1 

414 

1 

0 

p; "i — i--l — h str; 0 

Widely distended acini, most of them contain 
secretion within the lumen. Acinar cells 
with large vacuoles and large vesicular nuclei. 
Coll boundaries on the side of the lumen 
uneven and iildistinct. In some places irregu- 
larly outlined deeply stained nuclei. 

2 

413 

2 

0 

ps +-F str; -p-f- 

As exp. 1, acini, however, with a very small 
lumen. 

3 

388 

5 

0 

As exp. 1, acini, however, less distended. 

4 

414 

2 

1 

p: -f- str: -(--1- 

5 

394 

6 

1 

As exp. 1, acini, however, less distended and 

6 

395 

7 

1 

most of the nuclei irregularly outlined and 
deeply stained. 

7 

414 

3 

2 

p: -I — H- Str: -f 

As exp. 4 — 6. Some acini collapsed. Nuclei 
irregularly outlined and deeply stained. 

8 

413 

4 

2 

p: -p-p str: -p-p-p 

9 

394 

7 

2 

Most of the acini collapsed. Ducts distended 
with secretion. 

10 

413 

5 

3 

p: -p-p str: -p-p-p-p - r 

Acini and small ducts collapsed. Number oi 
acinar cells reduced. 

11 

388 

8 

3 

PS "1 P Stf- -p-p-P . 1 A. 

12 

395 

9 

3 

Acini collapsed. Very little secretion lelt 

13 

396 

10 

3 

within the lumen of the ducts. 1 
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Exp. 

Rat 

no. 

Mammary gland 
days after 

Microscopic examination 

opera- 

tion 

parturi- 

tion 

14 

414 

5 

4 

p: Str; -f-'f-i- 

15 

394 

9 

4 

Acini and smaller ducts collapsed. Acinar 

16 

39G 

11 

4 

cells disappearing. 

17 

413 

7 

5 

p: -j--}- str; -f-h-b-l- 

18 

395 

11 

5 

Number of parenchymal cells more reduced 

19 

396 

12 

5 

than before. 

20 

394 

11 

6 

Further reduction of gland parenchyma until 

21 

388 

12 

7 

p: str; -f . Small islets of parenohy- 

22 

414 

11 

9 

mal cells within a stroma of adipose and 

23 

395 

15 

9 

connective tissue. 

24 

39G 

16 

9 


25 

413 

11 

10 



Table 2 shows 25. experiments on 6 rats, bypopbysectomized 1 — 7 
days before parturition. 0 — 10 days after parturition (1 — 16 days after 
operation) the mammary glands were excised and studied micro- 
scopically. 

On the day of parturition the mammary glands of exp. 1 and 3 (1 and 
5 days after operation) are well developed and there was secretion 
but not so abundant as in normal glands. The gland of exp. 2 (2 days 
after operation) shows only slightly distended acini, however, and the 
parenchyma is diminished in proportion to the stroma. 1 day after 
parturition (2, 6, 7 days after operation) many of the acinar cells seem 
to discharge secretion, while most of them are degenerating. On the 
2nd day after parturition (exp. 7 — 9) lactation has ceased. The paren- 
chyma of the glands examined 3 — 5 days after parturition (exp. 10 — 19) 
is rapidly diminishing, and 6 — 10 days after parturition (exp. 20 — 25) 
a complete involution is found. 

After parturition the mammary glands of rats, hypophysecto- 
mized during the second half of pregnancy, undergo a short lacta- 
tion period (lasting about 1 day) followed by a rapid involution 
of the entire parenchyma in the course of 3 — 6 days. 

The involution occurring in the mammary glands of rats, 
hypophysectomized dining lactation corresponds to that ob- 
served in rats hypophysectomized during the second half of 
pregnancy. 


19 — i502G6. Acta phys. Scandinav. Yol.9. 
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3) Itats hypopJiysectomized during established lactation. 

Table 8. 


Mammary gland changes occurring after hypophysectomy 
during established lactation. 


Exp. 

Eat 

Mammary gland 
days ^ter 

Jlicroscopic examination 

no. 

parturi- 

tion 

opera- 

tion 

1 

383 

6 

1 

pi d — I — I — f* stn 0 

Acini widely distended with secretion. Acinar 
cells vacuolated and with uneven indistinct 
boundaries on the side of the lumen. Large 
vesicular nuclei. In some places acinar cells 
with one largo vacuol and irregularly outlined 
deeply stained nuclei. 

2 

385 

8 

2 

p; str: 4- + 

Acini with a small lumen or collapsed. Ducts 
and some acini distended with secretion. 
Acinar cells: very few vacuolated and with 
largo vesicular nuclei, most of them with 
one large vacuol and irregularly outlined 
deeply stained nuclei. 

3 

381 

12 

2 

p; str: -p 

Acini medium-sized, some collapsed. Other- 
wise as in exp. 2. 

4 

386 

11 

3 

p: d — p str: d — b 

ilany collapsed acini. Ducts and some acini 
distended with secretion. Acinar cells with 
irregularly outlined deeply stained nuclei. 
Many acinar cells with one large vacuol. 

5 

384 

9 

4 

p: -f-f str: -fd-d- 

6 

381 

15 

4 

Acini collapsed. Very little secretion left 
•within the lumen of the small ducts. (In exp. 

6 in some places medium-sized acini distended 
■with secretion.) 

7 

384 

12 

7 

p: -f- str; 

8 

386 

15 

7 

Groups of acinar cells around ducts. No 
secretion left in the lumina of the ducts. 

9 

386 

17 

9 

p: str; d'd"4'd' 


381 

20 

9 

As before. 

11 

384 

16 

11 

As before. Further progressing involution. 

12 

386 

20 

12 

13 

384 

18 

13 



Table 3 sbows 13 experiments on 5 rats, bypopbysectomized dining 
the lactation period. The mammary glands were removed 1 — 13 days 
after hypophysectomy. 
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During the first 2 days after hypophysectomy (exp, 1—3) secreting 
cells ate present. On the 3rd day after the operation (exp. 1) the acinar 
cells degenerate and on the 4th day the entire gland parenchyma 
is reduced. During the folIo^ving days the involution progr^ses 
rapidly. 


4) Rats with the hypophyseal stalk tmimeted duriny the second 
half of pregnancy. 

Table 4. 


Mammary gland changes occurring after stalk transection 
during the second half of pregnancy. 


1 

1 

Mamtnar}’ gland 
days after 

^licroscopic oyftmjnation 

i 

opera- 

tion 

parturi- 

tion 

1 1 

29S 

3 

0 

p* stri “4'*“r* 

; 2 

288 

G 

0 

Widely distended acini, empty or filled with 

3 

297 

5 

1 

secretion. Acinar cells vacuolated and with 

4 

290 

8 

1 

irregular uneven boundaries on the side of 

5 

288 

7 

1 

the lumen. Largo vesicular nuclei. In large 

6 

268 

8 

2 

areas, however, acinar epithelium with one 
largo vacuol and irregularly outlined deeply 
stained nuclei. 

i 7 

297 

7 

3 

p; -U-p-f. Btr: -| — 1- 

1 3 

288 

9 

3 

.As before. Acini less distended. 

9 

298 

7 

4 

p; Btr; — p -p 

Acini in some areas ns before, in others small 
or collapsed. Acinar epithelium of the larger 
acini ns in exp. 1 — 6. 

10 

297 

9 

5 

p: -p-p-p str; -p^-p 

An exp. 9, but more acini widely distended 
•srith secretion. 

n 

290 

13 

3 

p: -P-P Btr: -P+ + 

Acini small, most of them collapsed. In some 
places larger acini. These and the ducts dis- 
tended with secretion. The acini with n larger 
lumen had an opithelimn as in exp, 1 — 6. 

12 

290 

14 

G 

p: -p str: “P 4“ “P 

As before. The Jumina of ducts and alveoli 
contain only little secretion. 

13 

298 

10 

7 

p: -}-+ Btr: -P+-p 
.As before. 


Table 4 shows 13 experiments on 4 rats, with the hypophysis stalk 
transected 3 — 1 days before parturition. Mammary glands, removed 
0 — -7 days after parturition (3 — 14 days after operation) were examined 
microscopically. 
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Until the 2nd .day after parturition most of the' acinar cells' are secret- 
ing. The parenchyma is diminished in proportion to the stroma. 3 days 
after parturition (exp. 7 and 8) most of the cells are secreting. The secret 
tion is, ho'wever, less abundant than before. On the 4th day after par- 
turition (exp. 9) milk secretion is observed in same areas but most of 
the glandular tissue is degenerating. One of the glands, excised on the 
,5th day after parturition (exp. 10) corresponds to the gland removed 
on the day before, while the other (exp. 11) shows a more advanced 
stage of involution. Despite the involutionary changes, lactating acini 
are still present. The following two experiments (12 and 13) are similar 
to exp. 11. Here, too, the glands, removed 6 and 7 days after parturition 
respectively, show an advanced stage of involution. The parenchyma, 
however, contains some lactating acini. 

In contrast to the total involution occurring after hypophys- 
ectomy, the involution of the mammary gland in rats ■with the 
pituitary stalk transected before parturition does not affect the 
entire gland. A few lactating acini can still be found, while most 
of the glandular tissue has disappeared. 


6) Bats %oiili the hypophyseal slalh transected during established 
lactation. 


Table 6. 


Mammary gland changes occurring after stalk transection 
during established lactation. 


Exp. 

Eat 

Mammary gland 
dayp a^r. 

Jlicroscopic examination 

no. 

parturi- 

tion 

opera- 

tion 

■ 

299 

9 

1 

p: -1 — 1 — p Btr; 0 

2 

300 

9 

1 

Widely distended acini, Lunnna empty or 

3 

301 

7 

2 

fUled vrith soorotion. Acinar cells vacuolated 

4 

299 

10 

2 

and 'with uneven indistinct boundaries on 
the side of the lumen. Large vesicular nuclei. 
(Exp. 4: a great number of acinar cells 'with 
one large vacuol.) 

5 

292 

10 

3 

p* "i'"!''!" str: . 

As exp. 4." Acini smaller, a few of them col- 
lapsed. 

6 

292 

11 

4 

p: ++ str: 

Collapsed and up to medium-sized acini. 
Acini .and ducts distended rvith secretion., 
Epithelium with one large vacuol and irregu- 
larly outlined deeply stained nuclei. Jn some 
areas acinar colls as in exp. 1 — 3. 
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Exp. 

Rat 

Mammary gland 
days after 

Mioroscopio examination 

no. 

parturi- 

tion 

opera- 

tion 

7 

301 

10 

5 

p: -p-f str: 

SmaU or collapsed acini. Little secretion left 
within the lumina of the ducts. In some areas 
larger acini distended mth secretion; their 
epithelium as in exp. 1 — 4. 

S 

299 

14 

6 

p: -r-t--}- str: 

As exp. 6. 

9 

284 


7 

p; +-P str; -f-f-f- 

Acini small or collapsed. Little secretion left 
within the lumina of the acini and ducts. 
Acinar cells with irregularlj' sliaped deeply 
stained nuclei. Some acinar cells with one 
large vacuol. 

10 

300 

15 

7 

As exp. 7. 

11 

301 

13 

8 

Large area showing the same picture as exp. 

1 — 3. In other places greatly reduced glan- 
dular tissue. 

12 

299 

16 

8 

As exp. 6. 

13 

300 

17 

9 

As exp. 11. 

14 

284 

14 

11 

p; 4 — h str; — ( — f- 

As e.cp. 9, but with a few vacuolated acinar 
cells with large vesicular nuclei. 


Table 5 shows 14 experiments on 5 lactating rats, on which stalk 
transection was performed 3 — 8 days after parturition. The mammary 
glands were extirpated 1 — 11 days after the operation. 

For 2 days after the operation (exp. 1 — i) microscopic examination 
reveals a normally lactating gland. One experiment, however, (exp. 4) 
shows many degenerating acinar cells. On the 3rd day (exp. 5) the 
parenchyma is somewhat reduced in proportion to the stroma. Other- 
wise the gland is similar to that of exp. 4. On the 4th day (exp. 6) the 
acini begin to disappear and the stroma increases. In some parts, how- 
ever, normal lactation is still present. On the 5th day (exp. 7) the involu- 
tionarj'" changes are more advanced, but here, too, secreting cells can 
be observed. The gland removed on the 6th day (exp. 8) is similar to 
that of the 4th day. On the 7th day, exp. 9 shows involution and con- 
tains no secreting cells. Exp. 10 (also from the 7th day) corresponds, 
however, to exp. 7, where some parts of the gland are still lactating. 
8 days after the operation, exp. II shows a large region with acini 
fully resembling those of normal lactating glands. In other places an 
advanced stage of involution has been reached. In the following three 
experiments, 12, 13, 14 (8, 9, 11 days after operation), the glandular 
tissue is also on the whole greatly reduced, but a few alveoli, distended 
W'ith secretion and with secreting cells, are still present. 
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The mammary glands of rats with tlie pituitary stalk transected 
during lactation show mainly the same changes as those found in 
rats on which stalk transection was performed during the second 
half of jiregnanoy. IVhilc most of the parenchyma undergoes a 
more or less rapid involution, milk secretion still goes on in some 
parts of the gland. 


Discussion. 

Our results confirm the observation of Herold (1939) and Des- 
CLINS (1940) that tlie sucklings of rats wluch have undergone stalk 
transection die from starvation. Tlie present cjgierimcnts show, 
however, that the inamviary gland involution occurring after stalh 
transection differs marlccdly from the total involution, occurring 
after hypophysectomy or after weaning the young from normal lactai- 
ing rats. After transection of the hypophyseal stalh milh secretion 
still continues in some parte of the gland. 

As there arc considerable differences in the reaction of the 
hypophysectomized and the stalk-transected rats, ejcperhnents 
on the latter are unsuitable as a support of the assumption 
(Herold, 1939, Desclins, 1940) that the discharge of lactogenic 
anterior lobe hormones is controlled by the diencephalon. — In 
interpreting the mammary gland changes occurring in stalk 
transected rats the following points must be considered: 

1) Transection of the hypophyseal stalk cannot be performed 
without destroying the hypophyseal portal system. The circula- 
tory disturbances occurring in the pituitary body do not dis- 
appear immediately (Westi^lan, Jacobsohn and Hillarp, 
1943). During this time production of anterior lobe hormones may 
be inhibited. 2) In the rat the mammary gland involution occur- 
ring after hypophysectomy or after weaning is very rapid. — 
When the anterior pituitary lobe again begins to discharge a 
sufficient amoimt of lactogenic hormones, the involution may 
have progressed so far that most of the parenchyma is refractory 
to the hormonal stimuli. 

Thus, the experiments on stalk transected rats do not furnish 
support for Selye’s theory, assuming that lactation is controlled 
by a neuro-hormonal mechanism. The investigation of other 
species with a protracted involution period may help to elucidate 
this problem. Experiments on stalk-transected rabbits will be dealt 
with in a further publication. 
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Summary. 

1) A teclmique of transecting the hypophyseal stalk in rats 
pataphatyngeally, outside the dural capsule and without exposing 
the pituitary body is described. 

2) The manunar}' gland changes in rats occurring after wean- 
ing, after hypophysectomy and after stalk transection are studied 
microscopically. 

After weaning and after hypophysectomy a total involution 
of the mammary gland occurs. After stallc transection there is 
an involution, which, however, does not affect the entire gland. 
Some lactating acini can still be found when most of the glandular 
tissue has disappeared. 
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Further Atteiiii)ts to Isolate a Gastric Secretory 
Excitant from the Pyloric Mucosa of Pigs. 
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Received 12 Jannary 10ir>. 


In n previous paper Muncu-Petersen. Konnow and Qvnas 
(1944) presented the results of their investigations on the physio- 
logical and chemical properties of a gastric secretory principle 
from the pyloric mucosa of pigs. In this and other papers from 
this laboratory (Uvnas 1942, 1943, Bauer and Uvnas 1944) the 
previous works in this field as also the problems on the possible 
role of a pyloric principle in the humoral regulation of the cephalic 
and -chemical phases of the gastric secretion v.-ere discussed. 
A repeated review of the extensive litterature is therefore omitted 
here. 

The secretor)' principle, isolated by Muxch-Petersen, Kdx- 
xow and Uvxas is a protein-like substance. It stimulates the 
HCl -glands of the gastric mucosa but sbo-\vs no other histamine- 
like properties. It -was obtained from HCl-extracts of the pyloric 
mucosa by precipitation with 20 % NaCl and reprecipitation -wath 
tannic acid or trichloracetic acid. After removal of inert material 
by waslung -with 80 % acid alcohol and isoelectrical precipitation 
at pH 8 the active material was finally precipitated with trichlor- 
acetic acid. The procedures used jdelded highly active prepara- 
tions. Due to the great consumption of trichloracetic acid the 
methods were too expensive for routine use, howe-ver. The tri- 
chloracetic acid fetched a high price and due to the war it was 
available only in limited quantities. To get an active material for 
further studies on the physiological and chemical properties of 
the secretory principle other preparative procedures had to be 
tried. 
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Experimental. 

Tl:** t-sj'n'rinu-nt?: ViTfo pt'rfonucil on ('hloralnsf-rirctliano narcotised 
r.'iss (floj f: chlornlfv-.’ fui'i 0.5 p nrc’duine per kc l)Oc]y weight), previonslv 
si-arvMi for 2! hotir/. T)ie trarhen wa-; ratinulated and the oe.sophngus 
ligated. The ytomnejs wa? drained hy h thin perforated rubber tube 
tn?rodue,^'d thnnich a cannula in5<*rted in tfie {.t<jmach wall just 
prvi.timol to the pyh-ifie reci'nt. The catmula with the rubber tube was 
pu-hed oh; thronsh a Htr.b wound in the left, rihdonien. The duodenum 
w-n-s ligated proxinsal to VatefV ainpullri. After the abdominal wall had 
Ifgi'U ch'feeii the nr.itnal wr,.«> placed on i(c left side, the front half some- 
what litehrr ?n fae,;lu.a!e tlo* outflow of the gic-^trie juiee. Then the 
t-.inmrd v.-fis left fe.r at Iro-st i.ti liour }>efr>te tin- testing was started. 

T!;e tnatenal to !.<’ Sr-w} wa- {li-i.-'-dvcd in phy.siological saline at 
ahitit fo' and the p{f of fh'* folufion brought to about 7.i by adding 
a few drop', of X'li* XaOif, The solution v-.ns injected into (he iliac 
vdn «f A rato of o t n,-! j-er tn'wiU‘. I'.^naily the injection was .stopped 
g.fter r.'t finnutei and th-* ^ca-. th>‘ii alintved to decline to the 

b^-jr level. jwsv tc--'. wa.- jio! nirt<le until tnijiutes had elap.sed. 

The «'-rr»‘tory vedunn- v.-n. ;j-,rn-!ir.~d every lb ininnfe.s. The seeretion 
dnrhrg tfsirtut^ ' f'dhiwjfiC the beginninur of an injection was taken 

& tnexi-urc of tlie utihuiy of the e.vtrants. Ill order to faeilitutc the 
r'.iTnp.arl''on »-f the activity of fItfiVrent preparations this was expres.«od 
in r^'crctttry x;utt<. The ipmntrty of matcrinl cansing the secretion of 
! m! stmugU' acid g.‘5^;rte juiec in a cut weighing 2—3 kg wa.s taken 
3 ,«. oHxt-viinr.g a !s/«-re*or-y unit. If pociblc do'-es initiating a secretion 
of ml in t'A minute.'* v.i-re eliosen. A Sf-eretory response helow 

ful w.r" to le- i!:c.ot('dii«!vc, 

i; vrjv" p'r‘’vi<5’.5i'lv olo'-rvrd that in .'nine in“tanecs the secretory 
re'j'»!U} 0 ' tn the prcp"irati'in« dc-rlim d iluring (he course of an experi- 
The riiaicrt.'jl wa-, ;?scfcf'if‘‘ (<'•;'•<! ffir its ju'tivity rej>eatedly and 
on difwtcnt ecit-r 

T};<' total acidity' of the ga-strie juice w;;-. detenniiied colorimetrically, 
pheredpht A|''in Ix-ing U'-'"*! lOi sjidic.atC'r and X/Itj Nat)H as ha.<e. 

Tlic ft'tivitv of th” ga ric jnt' c wa*! lictermined hy a modifiea- 

tiori ftf the A.Nsox attd ?t!!n-*KY Ijeinoglobia method. Thi.s will he de- 
t-rritjcd bs-cr in thi* patc-r, 

Erf/pttrnflon of fhe Srerotory I’rliiciplo. 

I. ttifh fif'i 'I'he pyloric ]>ortion« of stomachs from recently 

killed pig'* wefs; kept tin if** and eurrie<l from the ,«hiughterdiouse to the 
Inboratory wif hin 1- ~‘J hotir.^. The .c(nmiich.‘« were washed under running 
t.ap. Water and ffir- uutfO.K't remowfl. It 'vas groiind in a inineing- 
mr-.eliine and then fhtov.ri ilotvn into boiling N/10 HCl. 200 ml HCl 
ivere nx*"! |e,'r ft-otnaeli. After boiling for lb — 20 minutes the rmitcrial 
was left nt room lenuperature over night. 



298 


bOrjb dvnab. 


II. Preoifitnlion of inert material at fll 3 — i. The following day the 
mucosal fragment.s were removed by filtering through gauze. By adding 
N NaOH the mixture was brought to an acidity of jBI 3—4. A preci- 
pitate containing inert material was removed by centrifuging for 10 
minutes. Care must be taken not to exceed pH 4, active material then 
being removed with the inactive. The centrifugate was filtered through 
cotton wool to remove fatty substances floating on the fluid. 

III. Precipitation with Nad. Sodium chloride was dissolved in the 
filtrate to give a concentration of 10 %. By adding the same volume of 
saturated sodium chloride .solution a concentration of about 20 per 
cent was obtained. A precipitate formed. After 1 — 2 hours the material 
was centrifugated at high speed for about 10 minutes. The supernatant 
fluid was removed and the sediment collected in a glass vessel. To remove 
as much water as possible the precipitate was centrifuged once more for 
30 minutes. It was then washed .several times with acetone in great 
excess. During this procedure the precipitate acquired a tenacious 
consistency and stuck to the vc.sscl Avails. The washing had to be 
repeated until this consistency had quite disappeared and the material 
had become quite dry and crackled like sand against the vessel Avails. 

IV. Removal of inert material hy dissolvuuj in N/10 HCl at 60° 0. 
The dried HaCl-prccipitate Avas suspended in N/10 HGl, 700 ml being 
used for a quantity of dry material corresponding to 15 stomachs. 
During frequent stirring for 30 minutes at G0° C. considerable amounts 
of inactive material Avent into solution. The active material remained 
uudissolved. It Avas separated from the solution by centrifugation and 
dissolved in 1,000 ml N/10 HCl at 100°. The solution Avas cooled to 
room temperature and Avas then brought to an acidity of pH 3 — 4 by 
adding N NaOH. A precipitate formed containing inert material, which 
Avas remoAmd by centrifugation. 

V. Precipitation with tannic acid. 5 ml of a 5 per cent tannic acid 
solution per stomach Avero added to the centrifugate. A heavy precipitate 
appeared, Avhich Avas separated b}' centrifugation during five minutes. 
The precipitate Avas A'cry difficult to get dry in acetone. The Avashing 
had to bo repeated numerous times. The material was finally washed 
tAvico in ether. 

VI. Precipitation of inert material at pH 8. The dried tannic acid 
precipitate Avas dissoh'cd in a O.o % solution of NaCi at 40° C. 1,000 
ml saline Avere used for an amount of dry material corresponding to 
15 stomachs. The saline had to be added successively under freque^ 
stirring as otherwise the material did not go into solution. N NaOH 
Avas added until a pH of 8 Avas reached. A precipitate formed, Avhich 
after about an hour Avas removed by centnfuging. 

VII. Isoclectrical precipitation of active material. To the centrifugate 
obtained as described above N HCl was added. Between a pH of 4.o 
— 5.6 a precipitate formed containing, active material. After adjusting 
the pH to the desired value the acid solution Avas alloAved to stand 
at a temperature of 8 — 10° C. for 24 hours. The precipitate Avas then 
centrifuged off, Avashed several times in acetone, tAvice in ether, and 
dried in air. A complete flocculation of the actiAm material Avas ob- 



GASTRIC SECRETORY EXCITANT. 299 

tained at a pH of about 4.4. A more selective precipitation "was obtained 
at a pH of about 5.0, tbe preparations being more active. At this pH, 
bov-ever, a loss of active material up to 50 per cent occurred. By adding 
small amounts of CuSO^, 1—2 mg per 100 ml, most of tbe remaining 
active material could be precipitated. 

TJie ActiTity of tlie Preparations, 

By isoelectrical precipitation at pH 4.8 — 5.2 a material of 
surprisingly higb activity vas obtained. Our most active prepara- 
tions showed an activity of one secretory unit per 0.1 mg dry 
substance. Usually tbe activity varied between one secretory -unit 
per 0.1 — 1 mg of dry material. Tbe precipitate obtained by precipi- 
tation in tbe presence of OuSOi usually amoxmted to one secretory 
unit per mg. In view of tbe bruited facilities at our disposal we 
bave desisted from a furtber purification of tbe preparations. 

By continuous intravenous injection of bistamine it is possible 
to initiate and maintain in cats a steady secretion of strongly 
acid gastric juice. According to our experience an administration 
of 10 — 15 y bistamine bipbospbate per kg body weight and minute 
is necessary to evoke a gastric secretion of 5 — 10 irJ per 15 minutes. 
As seen from the experiment referred to in fig. 1 tbe intravenous 
injection of a pyloric preparation for 15 minutes at a concentration 
of about 20 y per kg body weight and minute causes a consider- 
able gastric secretion. 


The Distribution of the Gastric Secretory Principle. 

In a previous commuuication (Uvnas 1943) it was reported 
that tbe secretory prmciple was predominantly locabzed at tbe 
pyloric mucosa. In those experiments we worked on crude prepara- 
tions only precipitated from HCl-mucosal extracts by trichlor- 
acetic acid. As tbe presence of a .secretory principle in such an 
impure material may be masked by tbe interference of inhibitory 
substances, investigations on tbe locabzation of tbe secretory 
principle were repeated. Fundic and duodenal mucosa, liver, 
spleen and skeletal muscle were investigated for their content 
of a gastric secretory principle. Ho active material was obtained. 
To be sure of a maximal yield of active material in these experi- 
ments tbe process IV from tbe scheme above was excluded and 
tbe isoelectrical precipitation performed in tbe presence of OUSO4. 
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The Secretory Eesponse to the Pyloric Principle. 

Munch-Pbteksen, Ronnow and Uvnas have previously de- 
scribed the secretory response to purified- substances as regards 
the volume and acidity of the secretion. The secretory response 
to our preparations did not differ from their findings. A typical 
secretory curve is seen in fig. 1. These authors reported that 
the secretory response to their purified substances sometimes 
declined during the course of an experiment. Unfortunately this 
was also the case when our isolectrically precipitated prepara- 
tions were used. Some of the preparations, which in'themselves 
were highly active, considerably inhibited the excitatory effect 
of the same or of another active material. In some experiments 
the inhibition persisted throughout the experiment, in others 
the secretory responsibility reappeared in 3 — i hours. This is 
seen in fig. 2. The injection of a pyloric substance evoked the 



Eig. 1. Gat 3.3 kg. Gastric secretion after slow intravenous injection of tvfo different 
pyloric preparations. Note the decline of the secretory response and the augmented 

response four hours later. 



Fig. 2. Cat 3.7 kg. Peptic secretion after intravenous injection of a pyloric pre- 
paration, and after vagal stimulation. A steady gastric sec'retionis maintained by 
continuous intravenous injection of histamine. 
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secretion of about 8 ml gastric juice. 2.2 mg of another preparation 
yielded a secretion of 7.5 ml. A repeated injection of the first 
material, now in the double dose, only evoked a secretion of 3.4 
ml. Four hours later the administration of the same dose initiated 
a secretion of more than 11 ml. 

As a report of our investigations on the peptic secretion after 
the injection of pyloric preparations has not been published else- 
where these vill be presented here. 


Determination of Peptic Activity. 


Anson and Mirsky (1932) described a method for the estimation of 
peptic activity with hemoglobin as the protein substrate. According to 
these authors “Hemoglobin has been chosen as the protein substrate 
for the estimation of pepsin because it is easily prepared in large 
quantities, because it is rapidly digested, and because the rate in which 
it is digested by a given pepsin solution does not vary from one prepara- 
tion to another”. Beazell et al. (1938) and Bucher and Beazell (1941) 
have modified the method, “in order to widen the range of peptic 
activity over which the method can be employed without it being 
necessary to resort to dilution of the more active samples”. 

We have adopted the method for the Pulfrich Photometer. By 
suitable changes in the concentrations of gastric juice and hemoglobin 
and other minor modifications the method has been found to be easily 
managed and to be well suited for our experiments on canine and 
feline gastric juice. 

The 'principles of the method. An acidified hemoglobin solution is 
incubated with pepsin under standard conditions. After a definite time 
of digestion the enzymatic process is interrupted by precipitating the 
undigested hemoglobin with trichloracetic acid. The precipitate is 
filtered off. The intensity of the blue colour which phenol reagent gives 
with protein digestion products (tyrosine, tryptophane and cysteine) is 
taken as a gauge of the digestion of hemoglobin. In the photometer the 
light absorption is determined and matched against a standard curve 
obtained -with tyrosine. 

Definition of peptic activity. One unit of pepsin is defined as that 
quantity which, acting at 37° C. in the standard digestion mixture used, 
would liberate in 60 minutes a quantity of material soluble in trichlor- 
acetic acid, a quantity, which in the assay mixture is equivalent to one 
mg of tyrosine. The peptic activity is given in units per nil of gastnc 


Reagents 'used. Hemoglobin solution /o 

Trichloracetic acid \ /o 

HCl 

-^^ 3.85 

Phenol reagent according to Folin and Ciocalteau. 
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The f reparation of hcmoghbin is carried out according to Aksok and 
^Miksky, with the modification that instead of carbon monoxide, coal 
gas is bubbled through the blood. The concentration of hemoglobin 
was estimated by the Kjcldahl method, ns modified by AjvDeusen and 
Jensen (1923), the nitrogen content being taken as 17.7 %. 

Aecuracy of the method. According to Noimmop the pH-optimum for 
digestion of hemoglobin is 2.2. The acidity of our acid hemoglobin 
solution ivas chosen to give a maximal rate of digestion. Within the 
concentrations of hemoglobin and gastric juice used by us the digestion 
rate of hemoglobin proved to be proportional to the pcp.sin concentra- 
tion. Duplicate determinations were always carried out. In a series 
of 10 duplicate dctcrmijiations the standard deviation amounted to 
0.02 mg tyrosine. The lowest a7nount of t}TO.sine which could bo 
determined was O.os mg. This means that when no peptic activity was 
observed, the gastric juice could be said to be jwactically pepsin-free. 

Procedvre of testing. To make up the acid solution of hemoglobin, 
3 volumes of ]Sf/G HCl arc added to 2 volumes of 10 % hemoglobin 
solution. 5 ml of tlii.s mixture are pij)etted into a test tube and heated 
in a water bath at 37° C. for 15 minutes. 0.2 ml of gastric juice are then 
added. After electrical stimulation of the vagi gastric juice is generally 
diluted 5 times, whcrcn.s histamine juice and other juice poor in pepsin 
are used undiluted. After 15 minutes the digestion is interrupted by 
adding 10 ml of 4 % trichloracetic acid, ajid after careful mixing the 
precipitate is filtered off. 3 ml of the filtrate arc pipetted into a glass 
vessel containing 20 ml distilled water and 1 ml of 3.85 N NaOH 
and 1 ml of phenol reagent are added. Readings are made in the Pulfrich 
Photometer after 15 minutes. After this time no colour change occurs 
within 1 — 2 hours. Cuvette length 10 mm and filter 57 aroused. As the 
gastric juice in itself gives a slight colour reaction with phenol reagent, 
all samples are checked against a compensation solution. This contains 
the same ingredients as the other samples except that the gastric 
juice is inactivated. The ])cpsin is destroyed by boiling 6 minutes in 
a water bath. 

The peptic activity of the gastric juice secreted after the ad- 
ministration of pyloric preparations was always low, and de- 
clined during the course of the secretion to extremely low' values. 
These facts indicated that the secretory agent did not stimulate 
the peptic glands. The peptic activity might be due to the wash- 
ing out of preformed pepsin from the gastric glands. Bjork- 
MAN, NoRDf:N and Uvnas (1943) show'ed that histamine did not 
stimulate the peptic glands of the cat. Tire initial peptic activity 
of the gastric juice secreted after histamine w'as probably due to 
a washing out of pepsin stagnated in the gastric glands. By con- 
tinuous intravenous injection of liistamine a gastric juice free 
from pepsin could be obtained. We made use of this fact. On cats 
histamine was injected intravenously to give a secretion of a 
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gastric juice free of pepsin. After this an amount of pyloric ma- 
terial knoTm to evoke a copious secretion of gastric juice was 
injected intravenously. None of our preparations evoked any 
significant peptic secretion. Fig. 2 illustrates suck an experiment. 
The peptic activity of tke gastric juice secreted under tke ad- 
ministration of Mstamine declined to scarcely detectable values. 
Tke intravenous injection of a pyloric preparation in amounts 
previously observed to be kigkly active isee fig. 1) does not 
influence tke peptic secretion. In contrast to tkis tkere is tke 
copious secretion of pepsin during electrical stimulation of tke 
vagi (for tke tecknique see Bjorkman and co^-ivorhers). 

Ckude pyloric preparations from pigs precipitated from HCl- 
extracts by trichloracetic acid slightly but definitely stimulated 
tke peptic secretion. Now and then we observed that prepara- 
tions prepared by the trichloracetic acid method of Munch- 
Petersen et al. caused a slight increase of tke pepsin secretion. 

Comments. 

Tke investigations have confirmed pre^dous reports from tkis 
laboratory on tke distribution and properties of tke gastric 
secretory excitant. Active material was obtained only from tke 
pyloric mucosa. Tke active principle is a protein-like substance 
isoelectrically 2 )recipitable at a pH of about 4 — 5.5. It specifically 
stimulates tke HCl glands of tke gastric mucosa. These facts in- 
dicate, as thoroughly discussed in previous papers, that the secre- 
tory principle is identical with the gastric hormone, "gastrin”. 

Is there a Pyloric Principle which Stimulates 
Peptic Secretion? 

Pavlov has shown that tke peptic activity of tke gastric jm'ce 
varies with tke composition of tke food. On dogs with isolated 
gastric pouches Campbell (1934) observed that tke peptic activity 
of tke juice from tke pouches fluctuated in relation to tke per- 
centage of lysine of tke food introduced into tke main stomachs. 
Zeliont and Savitsch (1914) and Savutsch (1922) claimed that 
mechanical stimulation of tke mucosa of an isolated pyloric pouch 
caused an augmented secretion of pepsin in tke main stomach. 
These facts may indicate tke existence of a humoral mechanism 
instrumental in tke stimulation of peptic secretion during tke 
gastric phase of secretion. 
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We have found that our isoelectrically precipitated preparations 
do not affect the pepsin secretion. Crude preparations, only pre- 
cipitated from HCl-mucosal extracts by trichloracetic acid, 
slightly but definitely augmented the peptic output, however. 
Now and then we observed that preparations purified according 
to the trichloracetic acid method of Munch-Petersen and co- 
workers caused a slight increase in the peptic output. These ob- 
servations may indicate that there is a principle in the pyloric 
mucosa which stimulates the peptic cells. Harper and Paper 
{1943) claim that they have found in the duodenal mucosa a 
principle of protein nature which selectively activates the enzyme- 
producing pancreatic cells. This factor, by the authors named 
pancreozymin, is supposed to secundate the secretine in the 
humoral regulation of che pancreatic secretion. Per anahgiam it 
might be supposed that a similar principle, localized in the pyloric 
mucosa, would secundate the "gastrin” in the humoral control 
of the gastric secretion. 

Is there an Inhibitory Factor in the Pyloric Mncosa 

of Pigs? 

Fat inhibits the gastric secretion by the liberation of a hormone 
from the duodenal mucosa (Lim, 1933 and others). An inhibitory 
substance, enterogastrone, has been isolated from this mucosal 
region (Cray, Bradlay and Ivy 1937 and others). The active 
principle is of protein nature and is precipitable by trichloracetic 
acid, NaCl and tannic acid. 

WiLHELMJ et at (1936) from their works on dogs assume that 
gastric secretion is controlled by intragastric inhibitory processes 
initiated when the acidity of the gastric contents approaches 0.06 
normal. At a normality of the gastric contents of 0.1 the gastric 
secretion is said to be completely or very markedly inhibited. 
The question whether the intragastric inhibitory mechanism is of 
reflex or humoral nature is left unanswered. 

Teorell (1933) is of the opinion that the acidity of the gastric 
content is regulated by a diffusion process. From studies on the 
cat he believes that hydrocloric acid diffuses out of the stomach 
through the mucosal wall, while neutral chloride passes into the 
gastric cavity. He believes that there normally exists across the 
gastric mucosa an exchange of hydrogen-ion from the gastric 
juice and sodium-ion from the tissue fluid or blood. Wilhelmj, 
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O’Brien and Hill (1936), studying the secretion in whole stomach 
pouches in dogs, and Shay, Gershon-Cohen and Fels (1939) 
from studies on man, did not find support for an acid absorption 
mechanism. 

The inhibitory effect of our preparations may be due to the 
presence of an inhibitory substance. A substance chemically related 
to entero-gastrone would probably be precipitated by the precipi- 
tants used by us. 

Sammary. 

A gastric secretory principle is isolated from the pyloric mu- 
cosa of pigs by isoelectrical precipitation. The secretory excitant 
stimulates the HCl-glands but not the pepsin glands of the gastric 
mucosa. The possibilit)’' of the existence of an agent which stim- 
ulates the pepsin cells, and another which inhibits gastric secre- 
tion, is discussed. 
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In a previous paper it was demonstrated that the enzymatical 
cleavage of the thiamin molecule into the p 5 !Timidine and thi- 
azole was probably a reduction reaction (Agren 194.6 a). The en- 
zyme inactivated by dialysis at a suitable pH or by oxidation with 
hydrogen peroxide cotild be reactivated by incubation wdth 
glutathione. For a further study of the enzyme it was necessary 
to work with purified material. In the present paper a method 
of purification is described, and some of the properties of the 
partially purified enzyme are demonstrated. 


Experimental. 

The enzyme was prepared from the viscera collected under the same 
precautions as previously described (Lieck and Agren, 194:4). Solutions 
of the enzyme not immediately used were always stored at — 15°, 
when necessary after neutralization to pH 7.4, since the rate of in- 
activation of the acid enzyme solutions was rather high, even in the 
frozen state. Protein nitrogen was determined according to Herriot 
(1938). All determmations of pH were made with a glass electrode. 

Thiamin was determined by the method of Melnick and Field 
(1938) with some slight modifications (Lieck and Agren, 1944). 
When not otherwise stated 1 ml aliquots of a thiamin solution contain- 
ing 700 y of vitamin Bi were incubated with 3 ml of fish extract, 
neutralized when necessary to pH 7.4, and 1 ml of O.os M phosphate 
buffer pH 7.4 for 2 hours at 40°. Subtraction of the number of micro- 
gram thiamin found in the digestion test from that of the control test 
gave the amount of thiamin destroyed by the enzyme. One unit was 
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defined as that amount of activity which under the above conditions 
would cause the disappearance of 1 micromole (1 X 10“® mole) of thi- 
amin. In practice a preliminary assay was made with several dilutions 
of the unlmown solutions. The assay was then repeated using the amount 
calculated to contain about 1 unit of activity. The same unit was 
used by Sealock et al. (1943) in their work on the occurrence of the 
enzyme in different tissues. 


Eesults. 

In the previously used method of purification (Agren 1945 a) the 
enzyme was mainly prepared by isoelectric fractionation. This method, 
however, did not always give reproducible results. After several trials 
the following method was finally adapted and has been used for large 
routine preparations of enzyme from different species of fish. 

I. The finally ground and frozen viscera — liver, spleen, intestine 
and gills — were shaken for 1 hour at 0° %vith an equal volume of water, 
and centrifuged for 1 hour at 3,000 r. p. m. in a 4 litre cooled centrifuge. 
The centrifugate = 1. 

n. No. 1 was acidified to pH 5. i and again centrifuged for 1 hour. 
The centrifugate = 2. 

HI. No. 2 was brought to 0. c saturation by the addition of solid 
ammonium sulphate. 

Together with some coarse (Hj'flow) Cel the precipitate was fil- 
tered on large Buchner funnels. 

IV. The clear slightly yellow coloured filtrate was brought to l.o 
saturation by addition of soUd ammonium sulphate and the precipi- 
tate centrifuged off. The precipitate solved in of the volume of No. 
1 was neutralized and stored at — 15° W'hen not immediately used. 
The solution = IV. 

As far as possible the whole procedure was carried out at a low tem- 
perature, about 0°, and was finished wdthin 10 hours. The results ob- 
tained when purifying the enzyme from 1 — 2 kg of viscera from the 
tench and the ide are given in Table 1. 


Table 1. 

The purification of the thiamin-destroying fish enzyme. 

The numbers refer to the different steps of preparation described in the text. 


Species 
of fish 

I 

. ... 

IV 

Volume 
in ml 

Total 
nitrogen 
in mg 
per ml 

Activity 
in units 
per ml 
of 

solution 

Activity 
in units 
per mg 
of 

nitrogen 

Volume 
in ml 

Total 
nitrogen 
in mg 
per ml 

Activity 
in units 
per ml 
solution 

Activity 
in units 
per 
mg N 

Tench . . . 
Ide, 

H 

3.5 

3.2 

0.49 

0.5Q 

0.14 

0.16 

200 

120 

1.0 

2.0 

0.90 

.3.60 
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By the method outlined above the enzyme could he purified about 
10 times without any loss of activity (the experiment with the ide). 

In working out the method of preparation the intention also 
was to apply it to some species of fish where the presence of the 
enzyme could not be demonstrated by means of the chemical 
method (Lieck and Agren), but where the enzyme activity had 
been identified by the Phycomyces test (Wik£k and Agren, 
1946). It was possible that small amounts of enzyme activity after 
concentration and purification would be more easy detectable 
with the chemical method. Viscera from herring, Baltic herring 
and turbot were used. The last species of fish was not included 
in the series of fish investigated by Lieck and Agren, but a direct 
water extract of the viscera (1:1) did not destroy any vitamin 
during hours of incubation at 40°. Viscera from the three spe- 
cies of fish were prepared according to the method given above. 
The precipitate obtained by saturation with ammonium sulphate 
was solved and used for analysis. The solutions usually contained 
about 2 mg of protein nitrogen per ml. Neutralized samples of 
3 ml were incubated as usual with 1 ml of buffer and 1 ml of vitamin 
for 24 hours, without any signs of enzymatical inactivation of Bj. 
An attempt was made to reactivate possibly inactivated enzyme 
by addition of 5 mg of glutathione per 3 ml of fish extracts which 
only contained about 0.4 mg of protein nitrogen per ml. No reac- 
tivation could be observed. When 700 y of vitamin was incubated 
for 2 hours with 5 mg glutathione but without any protein present, 
about 60 per cent of the vitamin was destroyed. Thus in a solu- 
tion containing about 0.25 per cent of inactivable protein the 
glutathione effect was inhibited. 

Next, an attempt was made at further purification of the am- 
monium sulphate fractionated enzyme. Lead acetate was used in 
conditions similar to those which had been tried with advantage 
in the purification of the aminopolypeptidase (Agren, 1946 b). 
This enzyme in some respects recalled the fish enzyme. Both be- 
haved as albumins when precipitated with ammonium sulphate 
and the isoelectric points of the two enzymes were not far from 
each other. In the experiments the purified fish enzyme was 
diluted so as to contain 0.8 rag of protein nitrogen per ml and then 
precipitated with 0.3, 0.5 and 0.7 ml of 0.5 N lead acetate per 10 
ml of enzyme solution. Only small precipitates Tvere obtained 
and the activity remained in the centrifugates. 

From previous experience it was known that a loss of enzyme 
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act/i\at 7 easily occurred when alcohol or acetone fractionation was 
used (Libck and Ageen). An attempt was therefore made to 
purify the enzyme through repeated fractionation with ammonium 
sulphate at room temperature. To solutions of the purified enzyme 
containing 3.6 and 0.8 of protein nitrogen per ml solid ammonium 
sulphate was added until a distinct precipitate was obtained. 
This was centrifuged at 11,000 r. p. m. More solid salt was added 
to the centrifugate until a new precipitate appeared. The pre- 
cipitates from the more concentrated enzyme solutions were sol- 
ved in water to the volume of the original enzyme solution. The 
precipitates obtained from the diluted enzyme solution were 
solved in water to of the volume of the original enzyme solu- 
tion. The enz}Tne activ-ity of the different precipitates is given 
in Table 2. 

Table 2, 

Fractionated precipitation with ammonium sulphate of the purified 

fish enzyme. 


The figures nre the e.^ctinction values of the digestion tests (D. T.) and control 
tests (C. T.) obtained ns described in the experimental section. 


Protein 
nitrogen 
in mg 
per ml 

Degree of saturation with ammonium sulphate 

0.30 

0.50 

O.oo 

0.70 

0.80 

0.00 

D.T. C.T. 

D.T. C.T. 

D.T. C.T. 



D.T. C.T. 

3.5.... 

0.8;... 

0.2C 0.28 
0.27 0.27 

0 0.25 

0.19 0.25 

0 0.25 

0.08 0.2G 

0 0.23 

O.OG 0.2G 
0.10 0.25 

0.23 0.27 
0.25 0.2G 


In both series the activity was precipitated over a rather 
broad range of salt concentration, thus indicating that there 
were several protein components in the solutions. Calculating 
per mg of nitrogen a purification was obtained but the yield 
was low. 

An enzyme solution containing 0.8 mg of protein nitrogen per 
ml was also precipitated with ammonium sulphate at 0°. The 
solid salt was added to O.G saturation and the centrifugate Avas 
stored at 0°. During the first week only inconsiderable precipi- 
tates were formed and centrifuged off. After 3 Aveeks a rather 
heavy precipitate had been formed. The probably amorphous 
precipitate Avas solved to the original volume of the extract and 
the enzyme actiAuty determined direct and after activation Avith 
5 mg of glutathione per 3 ml solution during 30 minutes at 0°. 
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The following extinction values were obtained: 


Non-activatcd solution 
Digestion Control 

tost test 


Activated solution 


Digestion 

test 


Control 

test 


0.20 


0.30 


0 


0.32 


Thus, it was possible to reactivate the spontaneously inactivated 
enzyme by glutathione. As demonstrated above the activity of 
glutathione per se on vitamin is inhibited by the presence of 
0.25 per cent of inactivable protein. The concentration of protein 
in the reactivated enzyme solution was 0.30 per cent. This de- 
monstrates the specifity of the reactivation reaction. 

The purified enzyme solution was also cataphoretically analyzed 
in the Tiselius apparatus at pH 6.02, 5.44, 5.02, 4.64 and 4.32. 
Purified enzyme solutions containing about 1.2 mg of protein 
nitrogen per ml were dialyzed for 6 hours at 0° during constant 
stirring against buffers of the usual ionic strength. In the appa- 
ratus three fractions were observed, wliich moved fairly parallel 
at the different pH. At pH 6.02 and 5.4 the migration was anodic, 
at pH 4.3 and 4.G the migration was cathodic. At pH 5.0 the mi- 
gration of the different fractions was inconsiderable. Accordingly, 
the chances to obtain a considerable purification of the enzyme 
through cataphorcsis were not great. By dialysing at pH 4. 6 and 
4.3 a precipitate was formed, which could be solved in water at 
pH 7.4. Usually about 50 per cent of the protein nitrogen was 
precipitated. The activity of the precipitated and solved protein 
was rather low, containing between 0 and 15 per cent of the total 
activity. The values were not changed when reactivation %vith 
glutathione was tried. The activity remained in the centrifuged 
solutions. By this procedure the activity calculated per mg of 
protein nitrogen became nearly twice as great. 


Discussion. 

By the method described in the experimental section the vitamin 
Bi destroying fish enzyme was purified about twenty times. 
The purified enzyme solutions were yellow coloured. As regards 
solubility in pure water and in solutions of ammonium sulphate, 
the enzyme behaved as an albumin. In a previous paper (Lieck 
and Agben) it was observed that there was a parallelism between 
the amounts of enzyme and red colour of the fish viscera. As men- 
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tioned above tbe enzyme is not a bemin-protein. On tbe other 
hand a similar parallelism was observed in the present investiga- 
tion between the yellow colour and the activity of the purified 
enzyme solutions, and in the cataphoretical experiments the yel- 
low colour and the activity moved parallel to one another. Fiu’ther 
investigations will decide if this circumstance is only a mere 
coincidence. 

In a previous paper (Agren 1945 a) it was demonstrated that 
the fish enzyme inactivated by dialysis or treatment with hydro- 
gen peroxide could be reactivated with small amounts of gluta- 
thione. In the present paper it has been demonstrated that the 
enzyme inactivated in a third way, by storage at 0° for three weeks, 
could also be reactivated by small amounts of glutathione. This 
fact certainly strengthens the assumption that the enzymatical 
cleavage of the thiamin molecule is a reduction reaction. In the 
previous paper it was also discussed if glutathione per se could 
inactivate vitamin in vivo. The evidence obtained in the pres- 
ent investigation renders tbe possibility rather unlikely. The 
presence of 0.25 per cent of inactivable protein effectively inhibit- 
ed the direct glutathione effect on the vitamin. The possibility 
remained that the low output of anexirin in urine, obtained in 
balance experiments, depended on a change in the structure of 
the vitamin molecule during the time the urine is stored in the 
bladder. As a matter of fact, after incubation of 700 y of vitamin 
with 4 ml of fresh, neutral urine for 2 hours at 40°, about 20 per 
cent of the thiamin had been changed into a form not detect- 
able with the method of Melnick and Field. Two explanations 
may be offered. Either the vitamin is reduced by substances 
acting like glutathione or is oxidized to aneurindisulphide. The 
latter possibility must be kept in mind after the recent discovery 
of Myrbeck: et al. that aneurindisulphide occurs in yeast cells. 
In any case, the mere fact that the vitamin molecule may be 
changed during the storage of urine in the bladder obviously 
makes the accurature determination of vitamin in urine more 
difficult. 

The method of purification will in the future be used for frac- 
tionation and tests with the Phycomyces method of different 
extracts, which according to chemical determinations do not con- 
tain the vitamin Bi-inactivating enzyme. 

Summary. The thiamin-destroying fish enzyme has been 
purified about 20 times without considerable losses of activity. 
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The enzyme seems to belong to the group of albumins and the 
isoelectric point is close to pH 5.0. The enzyme has been inactiv- 
ated in three different ways and then reactivated with gluta- 
thione. This strengthens the assumption that the enzymatical 
cleavage of the thiamin molecule is a reduction reaction. 

The Avriter is indebted to the Ferrosan Corporation for a grant 
which supported the present- investigation. He further acknow- 
ledges his thanks to Miss Ahlquist and Mr Eklund for valuable 
assistance throughout the investigation. 
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The highest frequency at which the mammalian myelinated 
nerve fibre can be made to discharge impulses (at 37° C) is on 
the average about 1,000 impulses per second though the limit 
is of course affected by the thickness of the nerve fibre and other 
factors. In natural conditions the frequencies met with are usually 
lower. Sensory stimtilation can however, occasionally elicit im- 
pulses at an equally high frequency in sensory nerve fibres, the 
highest rate of discharge for the sensory nerve of the tooth, for 
example, being about 1,000 impulses per second 
On the other hand, the critical rate of discharge for the muscle 
proprioceptors is lower, only about 500 impulses per second 
(SIatthews 1933). In ordinary conditions the motor nerve cells 
never reach values even as high as that. In forced convulsive 
breathing, for example, values higher than 120 impulses per second 
are not met with, and in the most intense voluntary effort maximal 
frequency in the motor unit does not exceed 50—60 impulses 
per second (Adeiaet and Bbonk, 1929, Lindsley 1935, Seyeeakt 
1938 and personal communication). In reflexes even values 
as low as these are not generally reached. Adeian and Moeezzi 
succeeded in registering the discharge of impulses in single fibres 
of the pyramidal tract and observed somewhat higher values in 
them, e. g. a limit of 150 impulses per second after intense sensory 
stimulation or 200 impulses per second if the animal is undei 
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chloralose anaesthesia. These values do not either approach the 
highest values of frequency of impulses for sensory endings. 
Only one case is known in which the frequency of impulses in a 
motor cell reaches the maximum frequency for sensory nerve 
endings. If stryclmine is applied on the motor cortex of a cat 
convulsions are caused during which surprisingly high unitary 
frequencies of impulses can be registered in the pyramidal tract 
fibres, namely values up to 1,000 imp/sec. (Adrian and Moruzzi 
1939). As on the other hand strychnine does not in the least 
raise, the critical frequency of impulses in the tactile endings 
(Bronk 1929) it equalises the highest frequencies for motor 
(pyramidal fibre) and sensory systems (tactile endings). 

The values mentioned above concern the mammals only. 
No systematic investigation concerning the maximum rate of 
unitary discharges in normal motor reflexes of the frog seems to 
exist. The greatest frequencies for its sensory endings have in 
many cases been found to be about 250 — 300 imp/sec. (Cattel 
and Hoagland 1939, Mattheivs 1931). If account is taken of 
difference in temperature in experiments with frogs and with 
mammals (Van’t Hoff’s rule, according to which the velocity 
of most biological reactions is doubled with a rise in temperature 
of 10 degrees (centigrade)) the sensory frequency maximums, at 
least are the same for both. The only experiments concerning the 
frequency of ventral horn cells date from investigations by Barron 
and Matthews 193S. In their papers mention is made of the effect 
of a constant depolarising current applied on the ventral horn 
of the frog. A continuous floiv of impulses could then be registered 
from the fibres of the ventral root, the frequency of which was 
determined by the current strength. As the current increased, 
the frequency rose until a value of 60 imp/sec. had been reached. 
A further increase in the strength of the current made impulsa- 
tion irregular or abolished it completely. Evidently, therefore, 
in the frog too the highest "functional” frequencies of impulses 
differ greatly in the sensory and motor systems. This, complies 
with other physiological characteristics of the motor system. The 
motor end plate of the muscle fibre, for example, cannot respond 
to a greater frequency than 200 imp/sec., so that innervation 
rhythms at a greater rate would be wasted, so to say (Gopfert 
and Schafer 1938). 

The frog is a very suitable animal for experiments, both for 
the registration of impulses in single nerve fibres and especially 
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for investigating the effects of strychnine, because, contrary to 
what is the case with mammals, it remains alive for a long time 
in spite of the most violent convulsions. On account of this the 
experiments were carried out on frogs. The main purpose of my 
experiments was to examine the critical frequency of motor 
impulses under "normal” conditions as well as under the action 
of strychnine. 


Methods of Experiment. 

The experiments were carried out on English frogs (Rana temporaria). 
In some of the experiments the brain of the frog was removed under 
ether anaesthesia to the level of the optic lobes (brainstem frog), in 
some the brain was crushed down to the spinal cord with forceps 
(spinal . frog). In the third group of experiments the brain was not 
damaged, but the frog was under chloialose anaesthesia, which leaves 
the spinal reflexes unimpaired or makes them even more lively, but 
puts the higher nerve centres out of action (chloralose frog). All the 
strychnine experiments were carried out on ctirarised spinal frogs. 
Before curarisation one hind leg was tied, the sciatic nerve being left 
outside the ligature so that the circulation in the leg was interrupted, 
but the nervous connection remained. The dose of curare was measured 
to completely kill nervous response in the muscles in about three 
quarters of an hour, with the exception, of course, of the tied leg. It 
was thus possible to observe from the reactions of the tied leg when 
the convulsive state bad been reached, and the degree of its intensity. 
In some of the experiments, contractions were caused with the aid of 
picrotoxin, in some by placing the frog on ice for some hours before 
experimenting. The preparation by means of which the impulses of 
the single nerve could be made apparent was simple though requiring 
considerable patience. Either the digital nerves to the interosseal 
muscles or the sciatic nerve w’ere dissected out, boimd at their periferal 
end with a thin silk thread and cut off periferally. After this, additional 
fibres w'ere severed from the nerve by means of a thin needle and sharp 
scissors, until the electrogram show'ed that only one or two fibres 
remained in action. This was judged by the “all or nothing” reaction 
of nerve fibres, that is, by the constant spike height of the same func- 
tional unit. As to whether this conclusion is justified, we shall return 
later on page 12, The recording electrodes were silver-silver-chloride 
wires in glass tubes filled with Ringer solution, with a cotton thread 
fitted in. Between experiments the nerve fibres were held lying on the 
muscles or in a Ringer bath and were placed on the electrodes for 
recording only. In this way no special moist chamber was needed. 
The temperature during the experiments was 15 — 19° C. Registration of 
action potentials was performed w’th a resistance condenser coupled 
amplifier in connection with a Matthews oscillograph or in later ex- 
periments (e. g. fig. 9) in connection with a cathode ray oscillograph 
using the so-called transverse sweep method first published by Wilska 
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(1939). The advant,!igc of the method is that with l)ut a small film con- 
sumption the clarity of the record is excellent. 

In the strychnine experiments, O.i to 0.2 mg strychnine nitrate (1 to 
1,000) was injected into the dorsal lymph space, which do.se proved 
to be the most appropriate for causing strong and lasting convulsions. 

The reflexes were elicited simply by touching or pinching the sldn 
of the frog at some point. In e.xpcriments in which the frog had received 
no strychninc injection it was u.sually necessary to try several different 
points before the reflex affected the nerve fibre on the electrodes. Espe- 
cially in the .spinal frog, ref le.x irradiation is very small even though strong 
stimuli are used. In the brain-stem frog it is considerably greater and the 
registration of the reflex single fibre ncurogram corre.spondingly easier. 


]irnximal Frequency of Impulses in Spinal Frog, 
the BraimStoni Frog and the Chloraloso Frog. 

The interpretation of results obtained from a frog whose exit- 
ability has not been artificially incren.5ed with the use of strych- 
nine, for instance, is not altogether simple. The maximal frequency 
of impulses cannot be ascertained in one experiment, since the 
frequency of discharge varies, with the strength of the stimulus for 
one thing. I'his difficulty does not appear in strychnine experiments, 
in wliicli the least supraliminal stimulation re.sults in a ma.ximal 
response the frequency of which cannot bo raised by a further in- 
crease in the strength of the stimulus. It is probable, however, that 
if the slcin of the same animal is strongly stimulated at different 
points and the highest frequency of the impulse discharges thus 
caused is chosen, it can with considerable probability be considered 
the real maximal frequency of discharge for tlie ventral horn cell 
in reflexes. It should further be. taken into consideration that 
maximal frequency of impulsation may vary in different nerve 
cells. Table I shows tlie maximal frequencies thus obtained. It 
indicates the number of preparations in which the maximal 
frequency falls within the limihs of values mentioned in the 
vertical column. Frequency of discharge is taken as the average 
discharge for 1/Gth of a second. It is seen from the table that 
spinal, brain-stem and chloraiosc frogs appear to have a diffeient 
representation in different frequency groups. Thus the maximal 
frequency of impulses (the l/6th sec. average) is mostly under 
60 imp/sec. in the .siiinal frog, generally greater that 90 irap/sec. 
in the brain-stem frog and also over GO imp/sec. in the chloralose 
frog. It is true that the number of experiments is really too small 
to permit any exact evaluation but sufficient to indicate the 
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Table 1. 

Highest frequency values in different experimental groups. Frequency 
calculated as an average for l/Sth sec. 


Number of frequency values falling 
within different frequency ranges 

Total 

<30 

35—60 

65—90 

> 95 

imp/sec. 

imp/sec. 

imp/sec. 

imp/sec. 


2 

11 

2 

1 

16 

1 

1 

2 

(max. 100) 
11 

15 

0 

1 

4 

(max. 135) 
3 

8 




(max. 110 ) 



Spinal frog 

Brain-stem frog. . . . 
Chloralose frog 


class of magnitude of the maximal frequency. If the greatest 
frequency of discharge is estimated in a different manner, i. e. 
by the shortest period between two successive impulses, (as its 
inverse value) it is also observed that the maximal frequency of 
discharge for the motoneuron of the spinal frog is mostly lower 
than for the brain-stem frog, but the difference is not as pro- 
nounced. Table 2 demonstrates this relation. 

Table 2. 


Highest frequency values in different experimental groups. Frequency 
calculated on the shortest period behveen two successive impulses 

(.implsecf). 



Number of frequency values falling 
'within different frequency ranges 







Total 


<60 

65—100 

105—140 

> 145 


imp/sec. 

imp/seo. 

imp/sec. 

imp/sec. 


Spinal frofT 

3 

7 

5 

2 

17 




8 

(max. 250)* 

17 

Brain-stem frog 

1 

0 

8 




(max. 160) 

8 

Chloralose frog 

0 

0 

5 

3 




(max. 190). 



It may be mentioned that the general behaviour of the spinal 
frog is quite different from that of the brain-stem frog. The re- 
flexes of the brain-stem frog are evidently livelier and their 

^ A frequency as high as this was once unexpectedly found between two im- 
pulses in an ordinary reflex. No evidence could be found that the impulses belonged 
to the activity of different neurones. 
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irradiation is greater than the spinal frog’s. What this difference 
is caused by, whether it is the result, perhaps, of some secondary 
factor, caused for instance, by a difference in the conditions of 
blood circulation, or whether the brain-stem frog is in a state 
corresponding to decerebrate rigidity in mammals cannot be ex- 
plained for the time being. Tt should be mentioned, however, that 
ScHRiEVER in examining chronic spinal and brain-stem ftogs, 
established the fact that the time relations of the summation were 
different in each case, indicating a greater exitability in the 
brain-stem frog. 

In any case the fact remains that the highest values for the 
frequency of reflex discharges of the motoneuron vary at least 
to some degree as a result of other than toxic causes. 

Maximal Frequency of Impulses in the Strychnine Frog. 

Convulsions caused by strychnine arc reflex by nature. In the 
absence of sensory stimuli or voluntary impulses no contrac- 
tion occurs (PouLSSON 1920). The smallest stimulus, however, 
the table being jarred for instance, or a Aveak blast of air, causes 
the most violent convulsions in the frog. The whole nerve ac- 
tion potential then show-s a series of large potential groups, 
appearing at a frequency of abdut 5 — 10 times a second (Hoff- 
man, Yfiszi). The activity of the whole spinal cord also appears 
to be synchronized in compliance with this rhythm as Bremer 
has shown in examining the potentials of the spinal cord. As a 
whole the action potential is lengthened (Umrath). After a series 
of contractions the frog loses exitability for some time, but re- 
covers again. The longer the cramps have lasted the longer is 
the period required for recovery. Toward the end the frog may be 
completely paralysed for as long as 24 hours, but even this 
total unresponsiveness may be passing, if the dose of strychnine 
is not fatal (Poulsson). The paralysing effect of strychnine does 
not appear to be localized in.tbe motor part of the central nervous 
system since a stimulus directed to a point on the skin not previ- 
ously stimulated causes violent convulsions, though stimulation 
elsewhere on “fatigued”, areas remains completely without effect. 
Previous work has been carried out only on the action potential 
of the whole nerve, which however only shows a random inter- 
ference of the activity of innumerable fibres. How the ventral 
horn cell reacts during strychnine convulsions is not known. 
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Fig. 1. A single fibre neurogram of the beginning of the convulsive stage in the 
strychnine frog. The lower record b. is taken 7 seconds after a. The dots on the 
lower margin mark l/6th sec. To be read from right to left. 


The frog does not, as the result of strychnine, immediately 
reach the typical convulsive stage. At first the exitability of 
the frog increases, the reflexes become very strong and lasting, 
but it is not yet in the typical opisthotonic posture, nor can as 
yet successive waves of concisions be observed. It is compara- 
tively difficult to make successful single fibre preparations during 
this stage, as the preparation cannot be completed before the in- 
jection of strychnine. This is due to the fact that in strychnine 
convulsions so many more nerve cells become active than in the 
ordinary spinal reflexes. Thus even though the preparation has 
shown only one nerve cell to be active before injection, the number 
called into action by the strychnine will be so great that it would 
be hardly possible to distinguish the individual impulses on the 
neurogram. In a few cases, however, I succeeded in recording a 
single fibre neurogram of this early stage (Fig. 1). The discharge 
comes from the fibres of the interosseal muscular nerve of the 
hind leg, the front leg on the same side having been lightly touched, 
a and b belong to the same neurogram, b showing the activity 
of the fibre 7 seconds after a. Typical of this early stage is the 
comparatively rapid frequency of discharge in the beginning 
(the highest frequency is 144 imp/sec.), followed by a long period 
of much slower but fairly regular impulsation. Only just before 
impulsation stops the impulses are grouped together forming 
series of 3—4 impulses (duration about 1/lOth sec. with about 
l/4th sec. between series). Often only one prolonged discharge of 
impulses tak^s place in the early stage. Fig. 2 a shows the varia- 
tions in the frequency of such discharges. The duration of discharge 
and the frequency values vary considerably. The latter do not, 
however, in general rise above 200 imp/sec. 'lire maximal fre- 
quency (calculated from the period between tvo successive im- 
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scale differs in fig. a and b.) 

a) Single outbursts of impulses when the strychnine begins to take effect. 

b) Sarics of discharge of impulses after the effects of strychnine have fully 
developed. 


pulses) is usually attained only after several impulses have 
passed, and the resultant frequency-time curve is convex, be- 
ginning and ending abruptly. In later stages, when the strychnine 
has taken full effect, discharges, of impulses preserve tlxis form, 
but there are more groups, the frequency attains greater values 
and the duration of the series is reduced to only a fraction of 
what it had been. There are often about 5 — 8 series during Vs 
to 1^2 seconds. Tig. 2 b gives the frequency-time curves of such 
discharges and fig. 3 contains several corresponding neurograms. 
It is to be noted that the whole aeries of impulse groups is now 
elicited by a single stimulus. The frequency-time curves of suc- 
cessive groups are on the wliole similar in shape but the highest 
frequency value often falls in successive groups. Nevertheless, 
the frequency of discharge remains fairly high even to the last 
group. Usually 8 — 10 impulses form a group. A comparison 




Fig. 3. Single fibre iienrograms in fnlh' developed strvchninisation. Time, l/Otli 
sec, is marked on the lower margin. To be rend from right to left. (In e^luating 
the amplitude of the impulses the shift in the base line should be taken into account.) 


of tliese single fibre -neurogranis ■with the whole nerve action 
potential of earlier investigations (Hoffmann, Yeszi, Fahren- 
CAMP) shows that the occurrence of great and scarce potential 
waves of the latter and the frequency of high frequency impulse 
groups correspond. (Either is met uatli 5 — 8 or 5 — 10/sec.) It is 
thus fairly apparent, that the ^ „„ 

slow rhythms observed in the ^ 2 _JUii lUl UlL. 

whole nerve action potential ^ !!!! Im !!ii 

are caused by intermittent 

liigh frequency outbursts in # — Jjl 1|| 1|| - 

a single fibre (Fig. 4 a). AVe Ij ^ ' I I i ~ 

have not, thus, to do with ^ 

the interference of impulses ^ Diagram demonstrating the prob- 
from slowlv (about 5 — 10 able structure of the whole nerve action 
,. ' , 11 . potential in strj'chninc con-vulsions. 

times per sec.) and almost * 

1 . ,1 . 1 1 - a) The correct interpretation indicated 

synchronically impulsating cxperimcnt.s. _ 

fibres whicll would also give Ij) Another possibility, not fitting the 
. . . t facts. 1 — t single nen'c fibres witli their 

a similar total neurogram impulses 
(Fig. 4 b). 

Table 3 gives a summary of the highest values for impulsation 
frequency in strychnine experiments. Frequency is calculated on 
the shortest period between two successive impulses. This seems 
to be the most suitable method because the maximal frequency 
determined in that way hardly varies in different experiments 

21 — ’i502G6. Acta phys. Scandinav. Vol.9. 
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Table 8. 

TJie disi/ihilion of the highest frequency values in the ventral horn 
cell of the strychnine frog. 


Highest frequency v-aluo irap/acc. 

Occurence 

In different 
experiments 

In different 
preparations 

< iriO 

1 

1 

151—200 

27 

4 

201—250 

64 

13 

251—300 

38 

10 

> 300 

6 

3 


with the same preparation. As table 3 indicates, greater values 
than 300 impjsec. arc very rare, so that this value must be regarded 
as the critical frequency for the motor ventral horn cell. In most 
cases the highest frequency is between 200 and 300 imp/sec. 
Table 4 (p. 326) gives individual maximal frequency values. It 
shows how regularly high values appear in fresh "unfatigued” 
preparations. When one considers that the end plate of the motor 
muscle fibre is unable to follow stimulation recurring at over 200 
times per second, the frequencies observed must be considered 
surimisingly high. It should be noted that often when the neuro- 
gram showed Ijigher frequencies the convulsions were much 
weaker in the tied leg than at the stage when the frequencies 
had not reached such high values. That one is really at the fre- 
quency limit of the motor nerve cell, is indicated by the fact that 
successive impulses could often be observed as coming witliin the 
relative refractory i)eriod caused by the preceding impulse (in- 
dicated by a reduced spike height). 

In order to be able to compare the highest frequency observed 
in the frog with Adrian’s and Moruzzi’s highest values in experi- 
ments with mammals we must take into consideration a difference 
of temperature of about 20 degrees between the frog and mammal 
experiments. Assuming that van’t Hope’s rule (see introduction) 
can be applied, the frog values must be multipled by 4 in order 
to obtain a frequency of impulses which can be compared ivith 
mammal values. Thus 300 imp/sec. in frog experiments would 
correspond to a frequency of 1,200 imp/sec. in mammal experi- 
ments. As the coefficient of temperature is not known exactly, 
and the order of magnitude is the same in Adian’s and Mobuzzi s 
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experiments and my own, the values can be regarded as equivalent. 
This also lends support to the assumption that the registered 
liighest value of 300 imp/sec. is the real maximal frequency limit, 
assuming that the impulses really are e.xpressions of the activity 
of the same fibre. 

In their work Adrian and Moruzzi consider the question of 
whether it is justifiable to conclude that impulses really belong 
to the same nerve fibre merely on the ground of their constant 
size on the neurogram. They were unable to offer any direct 
evidence in favour of t his fairly generally accepted view. Though 
I was unable to demonstrate it directly vith a histological pre- 
paration, the fact that often when the frequency of impulses 
was at its highest, the relative refractor}* state of the fibre became 
apparent as a reduction of the amplitude of the impulses might 
prove the unitary nature of the impulses recorded. For ex'ample, 
if the size of impulses be examined in a group of impulses whose 
frequencies vary, it can be fairly often noted that starting from a 
given minimal frequency value, amplitude and frequency change 
in opposite directions and regularly, so that the rise in frequency 
corrc*si)onds to the reduction in amplitude. hLvxxHEws (1931) 
and lastly Pfaff.man.v liave noted a reduction in the amplitude 
of impulses of sensory endings, when the frequency is rising to 
thi.s critical value. Jn fig. 3 b (first group), 3 c and 10 (cold frog), 
examples are given of the decrease of the amplitude of impulses 
as a result of high frequencies. Especially in the preparation 3 o 
the' variations in amplitude appear systematically in a long series. 
Fig. 5 show.s some diagrams in which both the amplitude of the 
impulse and frequency are taken as ordinates, the successive 
intervals between impulses representing the abscissa. Both curves 
shon* considerable reciprocity as long as the frequencies are high 
(part a of the curve), but at low frequencies an equally clear 
independence of each other (part b of the curve) (constancy of the 
height of the spike). The phenomenon might be regarded as a proof 
that the impulse.s in question are related to the activity of the 
same fibre. 

The method of preparation we Ijave used, where the fibres 
are gradually separated from one another, gives us some idea 
to what extent the activity of the nerve cells has been synchronized 
due to the effects of strychnine. As the impulses registered are 
conducted to the perifery, the slight asynclironism shovm by the 
different fibres can be due to differing speed of propagation in the 
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Pig. 5. Reciprocity of the frequency and tlio amplitude of the impulses, when 
frequency is so higii tliat each aucoessivo impulse comes within the relative refrac- 
tory phase of the preceding impulse. The ordinate is the frequency of imp/sec. 
(rings), and the amplitude of the impulse (dots), the aealo is arbitrary. The abscissa 
on both curves is the suoeessivo time interval following impulses. 



respective fibres. Thus experiments in which the impulses of two 
separate fibres have been suceessfully registered often show that 
the activity of the two neurons can be considered as being 
practically synchron. Examples of such c.'.ses are given in fig. 6. 

In all of them one can 
note that the grouping of 
impulses is the same in 
botlx fibres. The grouping 
is so exactly alike, that 
hardly a single impulse 
can be found between the 
groups. Nevertheless, one 
is not dealing 'with double 
impulses. This can be 
observed from the fact 
that (fig. 7 d) the distance 
between impulses belong- 
ing to different fibres decreases and increases and that at the 
moment when they appear simultaneously a greater potential 



Fig. 6. 'ISvo fibre neurograms of strychnine 
frogs. To bo read in the direction shown by 
the arrows. Time 1/Oth sec. 


(amplitude) is registered. 

In the strychnine frog the same motor neuron can be made 
to respond both by stimulation on the same and on the opposite 
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Fig. 7. fiLrr nottM^r.irns of the ri;;lit Irg of the sf ryflininc frog. In ."i. b, and f 
the ritrfil front lt*2 has bocn fijiimtlatcd. in tlio otlitT.s, c. cl. g, and )i, the left front 
leg. Xo npp.n'einble clifferenc;’ nn be noted betcvec'n ipsi. nnci contralntcnilstiinnl.a- 
tion*. 'rime 1 Oth jcee. To be rend from rigid to loft. 


sitit*, Itytli <*n llio liiiir] nnd on tlio foro legs or the skin of the 
nhdoinen. Tin's is, iiulced. one of the typical cliaracfcristics of 
tlie strychriiiu' fro;:: The excoptiona} irradiation of the rofle.xes, 
which wtjiihl indicate tliaf the one-way conduction in tlio synapses 
is invalidated and tiie effects of .stimulation thu.s spread in all 
directions. Fig. 7 .shows pairs of neurogram.s a.s a result of alter- 
native stimulation on the right and left side. Xo difference can be 
found in the highc.st frequency values of the impulses elicited by 
stimulation of different .<=idr.s. 

llcnewed .suc('e.“;.sive .stimulation changes the record in a typical 
numner, until the filiro in ciuc.stion ceases to responrl. The number 
of impui.sft groups following .stimulation decreases and the 
riiaj-hnal irequemvj of itupulscs attained in each group foils shghlhj. 
Finally .stimulation dots not elicit more than a .single dis6harge of 
impul.sc.s or not even that. If the point of stimulation is thereupon 
changed, the re-stilt i.s again a grouj) or .several groups of impulses. 
Tt is worth noting hero that the maximal frequency of impulses, 
irliicit had gradually fallen returns to its original high value showing 
that fatigue had not at all affected the motor cell itself, hut some point 
on the sensory side or internuncial part of the central nervous 
system. 
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Table 4 shows some examples of such experiments. Stimulation is in 
all cases carried out b}’- touching either the right or left front leg. In 
the first experiment 2. VI. 39 the front leg was stimulated 5 times at 
intervals of 1 — 3 seconds. The greatest frequency of impulses following 
stimulation in each of the first groups has been recorded and it show 
a gradual fall until the fifth stimulation remains altogether without 
response. After this left log was stimulated twice. In the first group the 
frequency of impulses can be seen to rise almost to its former height, 
but to fall after the next stimulation. In the preparation 6. VII. 39 
stimulation is often followed by only a single group of impulses and 
repeated stimulation at the same point elicits no further response. 
The fall in frequency before unresponsiveness cannot therefore be 
demonstrated as clearly. However, these experiments too, show that 
the fatigue of the sensory neurones is greater than that of the motor neurones, 
since they cease completely to respond as the result of renewed stimula- 
tion, the motor ventral horn cell still being able to respond maximally, 
i. e. with the highest possible frequency of impulses. 


Table 4. 


Date 

Ordinal 
number of 
stimulus 
applied at 
same point 

Number of 
impulse 
groups fol- 
lowing single 
stimulus 

Highest 
frequency 
in each 
group 

Period 
between 
stimuli 
in seconds 

Region 

stimulated 

2. VI. 39. 

I 

3 

2 ro 





(14) 



217 

3 

Bight front leg 1 




201 






n 

3 

283 








211 

2 



ft 




204 






III 

2 

216 








193 

27 . 

> 


ft 


IV 

2 

ISS 



» 

ft 




190 

IV. 





V 

0 

— 

2 

» 


ft 


I 

6 

253 


Left 

» 

ft 




200 








232 








271 








225 

2 







246 






II 

3 

194 



ft 

6 




181 








177 





6. VII. 39. 

I 

1 

231 


Left 

ft 

ft 

(6 a) 

II 

0 

— 

3 

iv. 


ft 

ft 


III 

0 



IV. 


. ft 

ft 


I 

1 

235 

IV. 

Eight 

ft 

ft 


II 

0 

— 

IV. 


ft 

ft 


I 

0 

— 

iv.= 

» 

ft 

ft 


I 

1 

250 


» 

but more proximal 
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Date 

Ordinal 
number of 
stimulus 
applied at 
same point 

Number of 
impulse 
groups fol- 
lowing single 
stimulus 

Highest 
frequency 
in each 
group 

Period 
between 
stimuli 
in seconds 

Region 

stimulated 

6. VII. 39. 

I 

1 

250 

IV. 

Right front leg 

(6 b) 

II 

0 

— 

2 



P 


I 

1 

263 

IV. 

Left 


P 


II 

1 

263 

2 

0 

» 

P 


I 

1 

263 

IV. 

Right 


P 


II 

0 

— 

IV. 

d 


P 


I 

1 

263 

IV. 

Left 


P 


n 

1 

265 

2V= 

» 

» 

P 


m 

0 

— 

IV. 

» 

)> 

P 


I 

1 

260 

IV. 

Right 

I> 

P 


n 

1 

129 

IV. 

t> 


P 


I 

1 

256 


Left 

D 

P 

6. VII. 39. 

I 

1 

303 


Right 

P 

P 

(9) 

ii 

1 

264 



» 

P 


I 

1 

2SS 


Left 

P 

P 


II 

1 

271 



P 

P 


I 

1 

262 


Right 

P 

» 


II 

1 

243 


» 

P 

P 


I 

1 

273 


Left 

P 

P 


n 

1 

261 



P 

P 

6. VII. 39 • 

I 

1 

278 

2 

Right 

P 

P 

(16) 

II 

1 

274 

4V. 


P 

P 


in 

1 

207 

2V. 


P 

P 


IV 

1 

232 

2V. 


P 

P 


V 

1 

240 

2 


P 

P 


I 

1 

275 

2V, 

Loft 

P 

P 


II 

1 

272 

2V3 

& 

P 

P 


I 

1 

274 


Right 

P 

P 


The irradiation of the reflexes being 
so great, the question arises as to 
whether the impulses registered really 
are motor caused by the activity of 
the ventral horn cells. The fact that 
I never have succeeded in recording 
any impulsation in purely sensory 
nerves (nn. cutan. dorsi) comparable to 
those appearing in mixed nerves during 
strychnine convulsions even though I 
had made sure of the conductivity of 
the fibres by recording impulses of 
the same fibre elicited by tactile 
stimulation 'vvithout changing the posi- 
tion of the electrodes, would appear 
to justify the assumption that the 



Fig. 8. Strychnine neurograms 
after reflex stimulation 

a) from a mixed nerve, b) from 
cutaneous, sensory nerve, c) the 
same after the nerve had been 
killed by heat. 
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impulse groups observed are of motor origin. (Pig. 8.) Bremer 
also mentions having found in his strychninisation experiment on 
the spinal cord that no potential changes comparable to ventral 
root potentials did ajjpear in the dorsal root during the con- 
vulsive phase. 

Experiments Concerning other ConYiilsive States. 

Picroioxin netirograms. To enable a comparison of the peculiar 
form of impulsation in convulsions caused by strychnine vith frogs 
found in other states of convulsion, I carried out some experiments 
with picrotoxin. According to Adrian and Moruzzi a picrotoxin 
crystal placed on the motor cortex of a cat causes strong convulsions, 
during ivhich volleys of impulses can be registered in the pyra- 
midal fibres, 'svliich resemble those caused by strychnine. My ex- 
periments, however, showed only a partial similarity between 
strychnine and jiicrotoxin neurograms. Even though the convul- 
sions were strong the neutograms lacked the grouping of impulses 
characteristic of strychnine effects, nor did their frequency rise 
to as high a value (max. 180 imp/sec.). Pig. 9 shows examples of 
neurograms, which were recorded during a long series of convul- 
sions. In the experiments picrotoxin was applied locally at the 
brain-stem, where, according to Heubel the strongest convulsions, 
can be elicited. (In other cases picrotoxin was injected into the 
dorsal Jymphsjjace, but the result did not differ from those where 
it was applied locally.) As can be noted from the figure, the im- 
pulses are not appreciably grouped, nor is the activity of the differ- 
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pig. 9. Picrotoxin neiirogrnma. 
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ent fibres synclironised to the extent it generally is in strychnine 
experiments. Only the lowest neurograin shows a slight tendency 
of impulses to form groups, ami the record resembles an early 
stage of strychninisation. Even in this case the frequency of im- 
pulses is not great (150 imp/sec.). It should be mentioned that 
convulsive states caused by picrotoxin and strychnine resemble 
each other in that convulsions are in both cases reflex in nature, 
that the central sensor}’ elements are blocked in the same way 
and that the refractoriness thus caused is passing. In picrotoxin 
experiments, however, final lasting unresponsiveness develops 
earlier than in strychninisation, which would indicate that the 
lower frequency and 


the lack of syn- 
chronisation of tile 
picrotoxin neuro- 
gram did not result 
from too small a 
dose, or from the 
fact that the picro- 
toxin had not yet 
developed its full 
effects. 

Cold convulsions. 
According to de 
Almeida cooling 
of the frog’s spinal 
cord causes a state 
of convulsion. The 



Fig. 10. Cold frog ncnrogranis. To be read from right 
to left. The impulses appear as downward the stimulus 
artefact as upward deflections. Time 1/100 sec. 


same effect is obtained if the frog is kept on ice for some hours 
before the experiment. The convulsions (which again appear 


especially clearly in the brain-.stem frog) externally completely re- 
semble strychnine cramps — the frog acquires a rigid opisthotonic 


posture at the least touch. I recorded some single fibre neurograms 


of “cold frogs”. Figure 10 shoAvs some records of impulsation 
in the sciatic during convulsions elicited by tactile stimulation. 
The impulsation also resembles strychnine responses, the reflex 
(fig. 10 a & b) beginning vdth a few high frequency groups of 
impulses separated by clear “silent periods” and continuing less 
regular and slower just as is sometimes the case in strychnine 
tetanus. It is interesting to note that in this case too the frequency 
is quite at the highest limit for the fibre, for here too the amplitude 
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of tile impulse can be clearly seen to decrease mtli the increase 
of frequency to over 200 imp/sec. Occasionally impulsation con- 
tinues without interruption for long periods at a low frequency. 


Discussion of Results. 

We can compare the results described above not , only with 
earlier investigations on the critical frequency of the motoneuron 
but also with investigations on its absolute refractory period. 
Since the absolute refractory phase means the shortest possible 
period between two neurone reactions (impulses), it can jiist as 
well be expressed as a frequency value, i. e, the inverse value of 
the time 'period, in which case it means the highest possible fre- 
quency of two successive impulses. According to Baubon and 
Matthews the ventral horn cell of the spinal frog can impulsate 
regularly only at the rate of GO imp/sec. The same value was 
obtained in our own experiments with the spinal frog, i. e. in 
spinal reflexes w'hen frequency w'as determined during l/6th of 
a second. On the other hand, the shortest period between tw'o 
successive impulses found, in our experiments and the absolute 
refractory phase of the spinal frog’s motoneuron determined by 
the method of antidromic stimulation (U^ruATii), are of the same 
magnitude. Also Bremer et ah, on the basis of their smnmation ex- 
periments, come to the conclusion, that the "functional” refractory 
period of the spinal frog’s motoneuron wmuld be 8 — 12 msec, which 
would correspond to frequencies of 85 — 125 imp/sec. i. e. the values 
which are most common in our spinal frog experiments. 

Fig. 11 gives a summary of these relations in the frog according 
to our own results and tliose of earlier investigators. The figure 
includes observations made on spinal, brain-stem, chloralose, cold 
as well as strychnine frogs. It shows clearly that strychnine and 
cold malce the motoneuron discharge at a frequency irhich is as 
high as the critical frequency of impulse of the sensory endings. 
(250 — 300 imp/sec.) CBoth in turn are somewhat below the cor- 
responding value for the absolute refractory period of the nerve 
fibre.) Tliis offers a striking contrast to the periferal action of 
strychnine which according to some investigators (Bartley and 
Heinbecker, Peugnet and Coppee) lengthens the absolute re- 
fractory phase of the nerve fibre. If the effect of strychnine in 
raising the upper limit of the frequency of impulsation be inter- 
preted as simply having a special effect on the refractory period 
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Pig. 11. Survey of results corapnrctl with values met with in literature. Ordinate 
frequency imp/sec. Abscissa: different experimental groups. In my ovm experiments 
frequencies are calculated on the shortest period between two successive impulses. 


of the nerve cell it would be necessary to assume in addition that 
this effect would be directly opposite m different 'parts of (he cell 
(in the nerve fibre and the neurone as a whole). This, however, 
does not appear probable. The following might better fit the facts. 

Bartley and Heinbecker explain the action of strychnine 
to as a slowing down effect on the accommodation of the nerve 
fibres. If the activity of the cell, depolarisation, for example, does 
not return to resting value in the periods between impulses in 
strychnin isation as quickly as normally, the remainder of the 
potential adds to the potential caused by the following impulse. 
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and tlie final result is a greater potential tlian if accommodation 
liad been ra])id. In supi)ort of their view the authors point out 
that, for instance, calcium, Avhich quickens the accommodation 
of the nerve v’cakcns the effect of strychnine. It is also very 
probable tliat cold too slows down acconunoflation, in which case 
the similarity between strychnine and cold frog neurogram.s would 
find a natural cxidanation. Auiiian and Monuzzi explain the 
matter in the same way ns Bartuky and Hkinijkcker, It should 
also be mentioned that slow depolarisation potentials much higher 
than normally can be recorded in the ventral root with strychnine 
(Dun, I\lATTHr:ws, personal communication), which appear to 
correspond fully with the discharges of impulses in the nerves 
and which are, in the normal frog at least, Icnown to correspond 
to the fre(juency of impulsation in the ventral horn cells, i. e. 
impulsntion occurs only at a fixed level of the potential and 
becomes more frequent, the greater the slope and the higher 
the level of depolarisation is. If the high frequency of impulsation 
in the ventral liorn cell were only the result of the greater dcpolari.sa- 
tiou and slower accommodation of the coll, it should be possible 
to raise the frequency of impulse.s in the ventral horn cell of the 
ordinary spinal frog artificially with a depolarising current to as 
high a level as with strychnine. According to Barron and Mat- 
TJIKWS, this liowevcr, cannot he done: the ventral horn cell did 
not discharge at a frequency greater than GO imp/sec. which 
generally is the maximal frequency of impulsntion for the reflexes 
of the spinal frog too. even though the strength of the depolarising 
current was arbitrarily increased. One would therefore have to 
assume that some additional factor affects the frequency of im- 
pulsation in .strychninisation. 

AnntAN refrains from treating the nature, of tlie process which 
causes the depolarisation of the cell. On the other hand Geseul's 
tlicory of neurone activity is concerned with this point. 

According to Geskja. the frequency of impulsation of the neurone 
is determined by the potential difference caused by the metabolic 
gradient which arises between the dendritic part of the ncuroraem- 
brano containing numerous synapses and the axon hillock wth 
only scarce synapses Avhen the synapses become activated. The 
resultant difference on tlic depolarisation potential increases wtli 
frequency: of impulsation and number of activated symapses in 
the dendritic part and decreases with the frequency of impulses 
arriving in synapses at the axon hillock. 
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It would seem to me that Gesell’s hj^othesis complies strik- 
ingly well with the interpretation of some strychnine effects and 
mv ovm results. 

In the reflexes of the normal frog, in which irradiation is small, 
i. e. number of functioning synapses small, the frequencies in 
que'stion are Ioav compared with the frequencies of the reflexes 
of strychnine and cold frogs, with maximal irradiation of reflexes. 
Since strychnine and c.oId partly destroy the one-way conduction 
in the synapses (Dun, Matthew.s) releasing new neurone chains 
into action, conditions are created allowing for high frequencies 
of impulsation (the number of activated synapses increases). This 
would be the case even if the accommodation in the cell had not 
been slowed down. 

This would also offer a basis for settling the old argument 
about whether strychnine acts as a stimulant itself or not. Accord- 
ing to Dusser de Barenne the application of strychnine to 
the ventral horn cells alone is not enough to produce convulsions. 
Thus convulsions are caused only if both the ventral and dorsal 
parts of the spinal cord are affected by strychnine. Strychnine 
would therefore not appear to be exitatory in itself Adrian and 
Moruzzi, however, succeeded in producing convulsions by applying 
strychnine to the motor cortex of the cat. This observation which 
appears to contradict the foregoing may be due to the peculiar 
structure of the cortex and to the latent activity always to be 
found in it. In the cortex even cells of the outer layer send out 
a vast amount of branching fibres and contain an abundance of 
synapses. The excitatory effect of strychnine could therefore be 
explained only by assuming an aboUtion of the one-way conduction 
to occur in the synapses which opens new chains of neurones to 
activity. More synapses in the pjwamidal cells are in this way 
activated and the latent activity is thus transformed into strong 
convulsions vith high frequency outbursts of impulses. 

The observation made by Sherrington, that strychnine has 
the effect of changing inhibitory reflexes to excitatory would 
find its natural explanation in Gesell’s theory. As the number 
of active synapses increases at random due to the effects of strych- 
nine and the density of the synapses is generally greater in the 
dendritic part of the cell than in the axon hillock, the inhibitory 
effects must lose ground, and the potential difference between 
the dendritic and hillock parts increases leading to excitation. 
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Summary. 

Tlie maximal frequency (at room temperature) of reflex im- 
pulsation in single nerve fibres of the frog was examined. It was 
found to vary in different conditions being lo\vest (up to 125 
imp/sec.) in normal reflexes of a spinal frog, probably somewhat 
higher in brain-stem and chloralosc frog.s and distinctly higher 
in convulsive states especially in strychnine cramps viz. up to 
300 imp/sec. 

The peculiar form of activity in single fibres under strychnine 
and cold convulsions was also investigated. It could be stated that 
during fully developed strychnine and cold cramps the single fibre 
neurograra consisted of high frequency outbursts of impulses 
appearing 5 — 10 times per sec., the groups being separated 
from each other by a-more or less distinct silent period. The impulse 
groups in different fibres showed a considerable synchronism. 

In the discussion it is pointed out that increased irradiation 
of reflexes e. g. in brain-stem or strychnine frogs compared with 
sj>inal, normal frogs usually corresponds to a raised "functional" 
frequency maximum of the motor nerve cell. As it is knowm that 
strychnine as well as cooling of the cord partly abolishes the 
one-way conduction in synapses leading to maximal irradiation of 
reflexes, the possibility to explain some other phenomena in 
convulsive states on this basis was considered. According to 
Gesell the number of impinging signals and of activated syn- 
apses at the dendritic part of the neuromembrane causes a po- 
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tential gradient between tbe dendritic and axon Mllock parts of 
tbe neurone, that determines the degree of acti-vdtj of a nerve cell. 
If this theory is applied on tbe strychnine effects, it might be 
possible to interpret the excitatory action of strychnine on 
motor cortex and the strychnine reversing of inhibitory reflexes 
to excitatory as results of the failure of one-way conduction in 
the cord caused by strychnine. 
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When morphine is injected subcutaneously in mice the tail is 
erected in a characteristic S-shaped manner, and with proper doses 
the tail is kept vertical or curved towards the back (Straub 
1911). This reaction was investigated in detail by Herrmaiw 
(1912), and is in German papers often referred to as the Straub- 
Herrmann reaction. 

Hbrrmani4 considered a “catatonic” condition to cause the reac- 
tion, but did not explain in what manner, v. Leersum (1918) 
assumed that the reaction is caused by spasm in the urinary blad- 
der and the rectum due to a direct influence of morphine on the 
spinal parasympathetic centres. hlACHT (1920) observed that 
morphine elicited spastic contractions on the isolated urinary 
bladder and its sphincters, and presumed that the same effects 
should occur in the intact animal. jMacht suggested that the 
Straub-Herrmann reaction was due to the action of morphine 
on the urinary bladder and the rectum. Heinekaot (1921), 
however, obtained the reaction on white mice after removal of the 
urinary bladder and the rectum with its sphincters. Sloreover, he 
was able to elicit this reaction with several drugs which stimulated 
spinal motor centres. He concluded that the Straub-Herrmann 
reaction is caused by stimulation of nerve cells in the spinal cord. 

1 Neoatigmino (tlio dimothylcarbamic ester of 3-hydroxypbenyl-trimetbyl- 
ammonium mcthylsulphato) manufactured by A. B. Leo, Hfilsingborg, is cbemically 
and pharmncologically identical ■with Prostigminc. 
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Fig. 1. Three of the 25 mice injected with Fig. 2. Three of the 25 mice injected 
0.01 mg morphine hydrochloride. wth 0.01 mg morphine hydrochlor- 

ide -j- 0.0005 mg neostigmine. 



Fig. 3. Three of the 25 mice injected Fig. 4. Three of the 20 mice injected 
with 0.01 mg morphine hydrochloride with 0.01 mg morphine hydrochloride -j- 
- 1 - 0.0005 mg neostigmine 0.002 mg -i- 0.0004 mg cserino salicylate, 
atropine sulphate. 




Fig. 5. Three of the 25 mice injected with 0.01 mg morphine hydrochloride 
-}- 0.0004 mg cserino salicylate 0.002 mg atropine sulphate. 


Eecent observations indicate that morphine in some way or 
other is linked up with a cholinergic mechanism. Slaughter and 
Gross (1940) found that eserine potentiates the motor action of 
morphine on the intestines in dogs and the depressor effect on the 
blood pressure in cats. Subcutaneous injection of 5 mg morphine 
per kg body-weight in dogs causes an inhibition of the serum 
choline esterase (Slaughter and Lackey 1940). Neostigmine as 
well- as eserine potentiates the pain threshold raising effect of 
morphine in man (Flodmark and Wramner 1944). Juul (1939) 
has demonstrated that the Straub-Herrmann reaction is abolished 
by atropine. 

22 — (50266. Acta phys. Scandinav. Vol.9. 
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Methodical. 

Fifty white mice with a body-weight between 17—24 g were used. 
The administration of tlic examined 8 ui)stance 3 was made by subcu- 
taneous injections in the skin of the back. Every mouse was used for 
several tests but between each series of injections there was, for every 
mouse, an interval of at least one week. The temperature in the room 
during the tests was constant. The positive reactions are classified in 
three degrees. The reaction is considered ns weak (+) when the tail is 
raised at about 40 at moat, ns medium ("}-~{") when the tail remains 
in an approximately vertical position, and as strong (-|— |--k) when the 
tail is curved over the back of the mouse. 


Results. 

Morphine hydrochloride was injected into 20 mice in a dose of 
0.5 mg. All the mice showed medium or strong reactions. "When 
the tails were erected the mice were given inhalations of amyl- 
nitrite in order to relax spastic smooth muscles. Although this 
drug was applied until the tail turned red from vasodilatation it 
did not diminish the erection. 

The results are summed up in the following table. 


Table. 


1 

1 

1 Substance!? injected flubcutaneousU' 
in each mouse 

Number 
of mice 

Percentage of mice which 
showed the reaction: 

injected 

Negative 

+ 

HI 

■H 

T + + 

0.01 mg morphine hvtlrochloride 

25 

C8 

32 

0 

0 

O.Ol rag morphine hydrochloride -{- 
-h 0.0005 mg neostigmine 

25 

0 

32 

64 

4 

0.01 mg morphine liydrochloridc -f- 
0.0005 mg neostigmine -f 0.002 
mg atropine sulphate 

25 

68 

28 

4 

0 

0.01 mg morphine hydrochloride 

0.0001 mg cscrino salicylate . . . 

20 

0 

35 

50 

15 

0.01 mg morphine hydrochloride 

0.0001 mg eserinc salicylate -j- 
4- 0.002 mg atropine sidphate. . . . 

25 

76 

24 

0 

0 

0 

0 

0.0005 mg neostigmine 

10 

100 

0 

0.0004 mg cserino salicj’lato 

10 

100 

0 

0 

0 

0.002 mg atropine sulphate 

10 

100 

0 

0 

0 


Three of the mice in each of the five first groups in the table 
above have been photographed in. order to illustrate the different 
types of reaction. 
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Discussion. 

The observation that inhalation of amylnitrite does not abolish 
the Straub-Herrmann reaction opposes the assumption that this 
reaction is due to. spasm in smooth muscle. Contractions of the 
striped muscles of the tail are likely to cause the reaction. For the 
smallest dose of morphine req_uired for this effect, Herrmann 
gives 0.01 mg morphine hydrochloride, whereas other investiga- 
tors found larger amounts necessary. Juul (1939) found that 

0.01 mg morphine hydrochloride caused a positive reaction only 
in 30 % of 20 mice. In this series 32 % of 25 mice showed a positive 
reaction with 0.01 mg; which agrees with Juul. 

The table shows that neostigmine as well as eserine potentiates 
the effect of morphine. In previous experiments from this labora- 
tory it was demonstrated that neostigmine and eserine potentiate 
the action of morphine on the pain threshold in man (Flodmark 
and Wramner 1944:). Juul (1939) showed that large doses of 
atropine entirely or partly annulled the action of morphine on the 
tail of mice. In these experiments on mice a small dose of atropine 
greatly reduces the potentiating effect of neostigmine and eserine 
on morphine. 

The potentiation described in this paper, the marked reduction 
of the potentiating effect by atropine, and the suppression of the 
Straub-Herrmann reaction by atropine, strongly suggest that 
morphine interferes with a mechanism of cholinergic transmission 
which is facilitated and enhanced by neostigmine and eserine. 


Summary. 

1. Neostigmine potentiates the effect of morphine in the 
Straub-Herrmann reaction. 

2. Eserine potentiates the effect of morphine in the Straub- 
Herrmann reaction. 

3. Atropine annuls the potentiating effect of neostigmine and 
eserine. 

4. The findings are in agreement with the theory that morphine 
partly acts through a cholinergic mechanism. 



340 


THURE WRAMNEU. 


References. 

Flodmark, S., and T. Wramneb, Acta Physiol. Scand. 1945. 9. 88. 
Heinekami’, W. J. B., J. Pharmacol. 1922. 20. 107. 

Herrmann, 0., Biochcm. Z. 1912. 39. 216. 

JuTJL, A., Arch. int. Pharmacodyn. 1939. 62. 69. 

V. Leersum, E. C., Arch, nccri. Physiol. 1918. 2. 689. 

Macht, D. I., Proc. Soc. Exp. Biol., H. Y. 1920. 17. 100. 

SiAEGHTER, D., and E. G. Gross, J. Pharmacol. 1940. 68. 96. 
SLATjonTER, D., and R. W. Lackey, Proc. Soc. Exp. Biol., H. Y. 1940. 
45. 8. 

Straub, ^V., Btsch. mcd. Wschr. 1911. 37. 1462. 



Aus der pharmakologischen Abteilung des Karolinischen Instituts 

zu Stockholm. 


Gleiclizeitige Bestinimung von Itiier und 
Kolilendioxyd in der Atmimgsluft. 

Von 

PAUL LINDE. 

Eingegangen am 12. Febronr 1945. 


Bei gleichzeitigem Vorkommen von Ather und Kohlendioxyd 
in einer Luftprobe ist es mit der gcwohnlicben Absorptionsanalyse 
nur moglicb den Atbergehalfc zuverlassig zu messen, wahrend die 
Kohlensatireanalyse unricbtige Resultate gibt. 

Von Grajien ist im Jabre 1922 ein Verfahren veroffentlicbt 
worden, den Athergebalt in der Atemluft zu bestimmen. In einem 
speziellen Gefasssystem wird die Lxiftprobe durcb eine genau 
abgemessene llenge eines Gemiscbes von Kaliumdicbromat und 
konz. Scbvefelsaure geblasen. Vom Atber wird das Dicbromat 
reduziert, und aus der Eeduktion berechnet man nacb Titrieren 
die Atbermenge. Dieselbe Methode ist von Liljestrand imd 
Ll^DE (1930) zur Messung des AJkobolgebalts in der Atemluft 
nacb Alkoboleinnabme angewendet worden. Da indessen fiir die 
Analyse Luftproben von einem bis zwei Liter notig sind, ist die 
Methode unbequem, venn man z. B. kleine Experimenttiere be- 
nutzt. Da ausserdem das Dicbromatgemiscb Koblendioxyd ab- 
sorbiert (s. unten), ist es unmogbcb, in derselben Luftprobe den 
Eoblendioxydgebalt zu bestimmen. Umgekebrt kann man aus 
analogen Griinden auch koine Atherbestimmung nacb einer 
Koblendioxydanalyse macben. 

Krause (1923) meint, dass konz. Scbwefelsaure Ather quantita- 
tiv absorbiert, obne dass der Vorgang von gleichzeitig anwesendem 
Koblendioxyd gestort wird. Meine Versucbe zeigen indessen, dass 
dies nicbt sticbbaltig ist. Sein Irrtum lasst sicb vermutlicb dadurcb 
erklaren, dass sein Apparat, der eigentlicb als Ubungsapparat 
for Studentenlaboratorien bestimmt war, und kein Manometer 
batte, nur Annaherimgswerte gab. 
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lu meinen Versuchcn wurden samtlichc Gasanalysen in Haldanes 
Apparat fvir volumetrischc Gasmessung gemacht. Allc Probeentnahmcn 
wurden mit quecksilbcrgefuilten Glaspipettcn bewcrkstclligt, die etwa 
20 ICubikzcntimeter fasscn. 

Zuerst wurde gcpriift, wie aicli die ublichc kolilensaureabsorbierendc 
Losung (20 % KOH in gesiittigtcr HaCl-Lbsung) gegen Atber vcrbiilt. 
Mit Atber vcrsetzte atmospbarische Luft ())Aii8scnluft«) wurde in den 
Apparat cingcfiihrt. Nacb den crstcu fiinfzebn Absorbicrungen hatte 
das Gasvolumen 12. o % abgonommcn, nacb drcissig war es mit 13.2 % 
rcduziert und erst nacb vierzig konstant 13. fl %. Unrweidcutig nimmt 
die Lange Atiicr bis zu cincm gcwi.s<3en Gleichgewichtszustande auf. 
Folglicb kann cine richtigc Kohlcndioxydbestimmunc in einer Atber- 
lialtigen Luftprobe erst gcmaclit werdcn, nachdem dcr Atber wegge- 
schafft wordcti ist. 

Danacb wurdcn andere atberabsorbicrcndc Mittel versucbt. Ein 
Dicbromatscbwefclsaurcgcmiscb wurde gepruft, worin die Dicbromat- 
konzentration n/30 und die Scbwefelsanrc 60 — 40 % ausmachte. 
(In sclnviicbcrcn Siiurckonzcntrationcn gcscbiebt die Rcduktion des 
Atbcrs langsam.) Luft mit Zusatz von 20 % Koblendioxyd wurdc unter- 
.sucbt. Nacb vierzig Absorliicrungcn war das Gasvolumen mit 4.0 % 
vermindert, und blicb danacb konstant. Die Reduktion cntsprncb also 
in diescm Eallc cincm Fiinftcl dcr Gcsamtmenge des E'ohlcndioxyds. 
Das Dicbromatgemiscb war wic bei alien Atber- und Alkobolanalysen 
mcbr als 24 Stundcn alt. ^lit neubercitctem Gemiscb wurde das Gas- 
volumen aucli nacli bundert Absorptionen nicbt konstant. 

Das gutc Atbcrldsungsmittcl, fliissigcs Paraffin, zcigte sicb bier unan- 
wcndbar. Es vcrscblang Luft, Koblendioxyd und Atber und konnte 
aucb gclcgcntlicb Gas abgebcn. 

IConz. Scbwcfelsuurc (nacb Kruse) wurde gepruft, und dazu wurde 
)>Acid. 8ul})buric. cone. ‘Pro Analysi’ (Kahlraum)# verwendet. Aus ei- 
nem Luftgemiscb mit 20 % Koblendioxyd wurde bei vdederholten 
Versueben etwa P/s % absorbiert. Aussenluft obne Koblendioxydzu- 
satz verier bei demselbcn Verfahren nur 0.2 %. Die Scbwcfelsaure lost 
also Koblendioxyd in einer nicbt zu vernacblassigcnden Slenge. 

Nacb diesen Erfabrungen sebien es aussichtsreicber, dass das vor- 
gesetzte Ziel mit Verbrennungsanaly.se erreichbar sein wiirde. Atber- 
verbrennung diirfte von dem in dcr Probe anwesenden Koblendioxyd 
nicbt bceinflusst worden. Wenn man Atber verbrennt und danacb Koh- 
lendioxydbcstimmung maebt und dabei die gefundene Koldendioxyd- 
menge dcr bercebneten gleicb ist, bekommt man ein gewisses Kriterium 
dcr Metbodc und einen Beweis dafiir, dass reiner Atber verbrannt wor- 
den ist. In einer Atemluftprobe findet man selbstverstandlicb einen 
■Oborsebuss an Koblendioxyd, wclcber der in der Probe enthaltenen 
urspriinglicben Koblcnsaurc entspricht. 

Atbyliitber wird nacb dieser Glcicbung verbrannt: 

4- 6 0, — 4 CO: -f 5 H:0. 

CjH/ 
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__ Eia Drittel der Volumenverminderung entspricht dem Volumen des 
Xthergases. Das- Volumen des bei der Verbrenuung entstandenen Koli- 
lendioxyds vrird als vier Drifctel der Kontraktion berechiiet. 

Aus der Grleichung gebt aiicb bervor, dass die Atberverbrennung viel 
Sauerstoff verbraucbt. Soli man z. B. eine Luftprobe mit nur 4 % Ather, 
z. B. bei einer oberflachlichen Narkose verbrennen, muss das Gasge- 
niisch im Analyseapparat 24 % Sauerstoff enthalten. Bei solcben Ana- 
lysen ist es also notig, Sauerstoff zuzusetzeu. 

Wenn das Gasgemisch mehr als 6 % Ather enthalt, geschieht die 
Verbrennung mit einer Explosion. Bei weniger als 6 % gebt sie rubig 
von statten. 

Bei Verbrennung in dem Haldaneapparat zeigte sicb bald, dass der 
Atber in einer Luftprobe nur selten ganz verscbvunden war, ebe man 
35 oder 40 Absorptionen ausgefiibrt batte. Erst dann wurde ein kon- 
stantes Gasvolumen erreicbt. Doppelanalysen stimmten ferner mit 
einander am besten iiberein, wenn der Platindrabt wahrend der Analyse 
nicbt stark erbitzt, sondern nur rotgliibend war. Die tJbereinstimmung 
war auch besser, wenn man verbinderte, dass die Verbrennungskammer 
zu heiss wnrde. Darum wurde sie wahrend der Analyse einer Probe 
mehrmals mit dem Quecksilber im Apparate abgekiihlt. 

Wahrend der Auspriifung der bier vorgescblagenen Methode fand ich 
bald in Modellversucben, wo mit Atber versetzte Aussenluft verwendet 
wurue, dass ein Xoblendioxydunterschuss entstand. Man bekam weni- 
ger Koblendiosyd als die aus der Volumenanderung berecbnetc Quan- 
titat. Es scbien wahrscbeinlicb, dass das fiir die Habne gebraucbte 
Fett damit irgendwie in Zusammenhang stehen konnte. Fett und Ather 
baben ja starke Affinitat zu einander, imd es ist auch nicbt unwabr- 
scbeinlich, dass bei der Erhitzung Eeaktiouen zwiscben dem konzen- 
trierten Sauerstoff und dem Fette ablaufen konnen. Each verscbiedenen 
Versucben ein Ersatzmittel zu finden, wurde Orthophosphorsaure 
»pro Analysi (Kahlbaum)* mit befriedigendem Resultate gepriift, wie 
aus Tabelle 1 bervorgeht. 

Tnbelle 1. 


Aus der Gesamt- 
voluruen iinderung 
berechnetes CO.- 
Volumen in 
Kubikzentimetern 


Bei der Analyse 
gefundenes CO,- 
Volumen in 
Kubikzentimetern 


( 3.100 
1.793 

Mit Fett { 2.136 

I 1.309 
I 1.083 


2.S96 

1.620 

2.227 

1.25S 

1.015 


I 1.187 

Mit o-Phosphorsaure < 2.055 

I 0.850 


1.181 

2.050 

0.852 


Fehler 
in Proz. 


— 6.6 

— 9.6 
- 8.6 

— 3.9 

— 6.3 

— 0.3 

— 0.2 

+ 0.3 


Die Orthophosphorsaure ist aber so dunnfliissig, dass man ofter als 
sonst priifen muss, dass' die Habne dicbt balten. 

Wie sicb die o-Pbospborsaure gegen Ather verbalt, wurde nacb 
Fullung eines Absorptionsgefasses des Apparates damit untersucbt. 
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Eine Luftprobe, die 5.G7 % Atber entbielt, verier in der Saure 4.3 y 
ibres Gesamtvolumens, und konstantes Volumen vrarde schon nach 20 
Absorptionen erreicht. Atmospbarische Luft dagegen zeigte keine mess- 
bare Volumenanderung. Eine Luftprobe mit 20 % Koblendioxyd 
verier etwa 0.5 % ibres Volumens in der o-Pbospborsaure. — Die 
Tabelle 1. sebeint indessen zu zeigen, dass die Affinitat zwiseben Atber 
und Pbospborsaure bei den wabrend der Analyse vorbandenen Verbalt- 
nissen vernacblassigt werden kann. Die Saure bedeckt niebt die Innen- 
seiten der Robreben im Apparate me es Fett gewobnlicb tut, und 
darum kommen wahrscheinlicb Xtber und Saure wabrend der Analyse 
kaum mit einander in Beruhrung. 

Die Analysemetbode ist folgendermassen ausgeformt worden. 

Am liebsten benutzt man einen Haldaneapparat, dessen Burette 
von 10.00 bis 5.00 (niebt nur bis 6.00) Kubikzentimetern fein- 
graduiert ist. 

Die Habne des Apparates warden mit Ortbopbospborsaure ge- 
dichtet. 

Etwa fiinf Kubikzentimeter der Luftprobe werden in den 
Apparat eingefiibrt und nacb Ablesen des Volumens wird reiner 
Sauerstoff z. B. aus einer Fussballblase durcb das Seitenrobr des 
Manometers zugesetzt bis die Burette fast geftillt ist, Nacb erneu- 
tem Ablesen fiibrt man das Gas in die Verbrennungskammer ein, 
der Gliibstrom wird gescblossen und so reguliert, dass der Drabt 
scbwacb gliibt. Nacb zebn ))Absorptionen<( wird der Strom ausge- 
scbaltet, und die Verbrennungskammer mit dem Quecksilber 
gekiiblt. Dann wieder Glubstrom, Verbrennung rmd Abkiihlung, 
so fabrt man fort bis die Verbrenmmg fertig ist, wozu 35 bis 40 
»Absorptionen« notig sind. Dann wird das Volumen abgelesen, und 
man sebreitet zur Kohlendioxydanalyse in gewobnlicber Weise. 

Enthalt die Luftprobe mebr als 12 % Atber, soil man weniger 
als 5 Kubikzentimeter in den Apparat einfubren, um Explosion 
wabrend der Analyse zu vermeiden, stattdessen aber eine grossere 
S auerstoffmenge. 

Die Metbode verlangt, dass man nacb jeder aebten bis zebnten 
Analyse eine Kontrollanalyse mit atberbaltiger Aussenluft maebt, 
um zu priifen dass die Koblendioxydmenge nocb der Volumen- 
anderung entspriebt. Es hat sich namlicb berausgestellt, dass man 
nacb einer wecbselnden, aber gewobnlicb geringen Anzabl. von 
Analysen weniger Koblensaure als bereebnet bekommt. Wenn man 
dabei den Platindraht vertausebt, verschwindet der Febler sofort. 

Es ist also gezeigt worden, dass Koblensaureanalyse mit den 
iiblichen Absorptionsmethoden irrtiimlicbe Ziffern gibt, wenn 



ATHER UND KOHLENDIOXYD IN DER ATMUNGSLUET. 


345 


Atlier in der Lnftprobe ist, wie z. B. bei Narkosen. Die Grosse 
des Behlers wecbselte, was wabrscheinlich mit dem Sattigungsgrad 
der Lange mit Atber im Zusammenhange stebt. Hier wird zum 
Vergleich. der Metboden ein Yersucb mitgeteilt. Es sind Alveolar- 
luftproben nntersucbt worden, die von einer Katze in Atber- 
narkose nacb der von v. Euler und Liljestrand benutzten 
Metbode gewonnen sind. Aus der Probepipette wurde die eine 
Halfte mit der bier vorgescblagenen Metbode analysiert und die 
andere in einem anderen Analyseapparate gleicbzeitig tmter- 
sucbt, obne dass der Atber verbrannt wurde. 


Tnbello 2. 



Athergelialt 
in Proz. 

CO,-Gehalt in 
Proz. nach 
Ather- 
verbrennung 

COj-Gebalt in 
Proz. obne 
Ather- 
verbrennung 

Fehler 
in Proz. 

Probe 1. 


6.35 

6.61 

+ 4 

Probe 2. . . . 


8.43 

9.54 

+ 13 

Probe 3. . . . , 

3.3G 

5.46 

5.65 

+ 3V, 


Es muss zugegeben werden, dass die bier vorgescblagene 
Metbode mit ibren KontroUen, Drabtvertauscben u. a. etwas 
umstandUcb ist. Sie scbeint aber jetzt die einzige gasvolumetriscbe 
Metbode zu sein, die eine sicbere Koblendioxydbestimmung in 
einer atberbaltigen Luftprobe erlaubt und mit der es ausserdem 
moglicb ist sowobl Atber als Koblensaure in derselben Probe zu 
bestimmen. 

Zusammenfassung. 

Es wird eine gasvolumetriscbe Metbode bescbrieben, die es 
ermoglicbt, Atber und Koblendioxyd bei gleicbzeitigem Vor- 
kommen in einer Luftprobe, z. B. bei Narkosen, quantitativ zu 
bestimmen. Es ist auch gezeigt worden, dass bei der iibbcben 
Koblendioxydabsorptionsanalyse mit Kalilauge zu bobe Werte 
erbalten werden, wenn Atber in der Luftprobe vorbanden ist. 
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The use of artificial radioactive elements as indicators in the 
study of biological problems is rapidly increasing. The initial 
activities which it is possible to use are often limited e. g. by the 
danger of thereby introducing a disturbing factor in the experi- 
ment, and it is often desirable to measure very weak samples 
without sacrificing too much of the accuracy. 

In this laboratory we use exclusively Geiger-Miiller coxmters, 
mainly in the form described by Hilde Levi (1941) with several 
improvements which are not, however, essential for the arrange- 
ment here described. The accuracy with which a fairly strong radio- 
active preparation can be measured is limited by the statistical 
error on the number of impulses recorded. On N impulses the 

1 

•1 — = — = or in per 
N yAT 

cent When 2 600 impulses are recorded the error will be 

i 2 %. By a few comparative measurements of the unknown 
sample against a known standard sample one can make sure that 
possible variations in the counter cannot seriously increase the 
error. 

On weak samples it becomes increasingly difficult to obtain 
accurate measurements. It takes a long time to get a sufficient 


absolute uncertainty is ]^N and the relative 
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number of impulses counted to reduce the statistical error to the 
point desired, and the influence of the background value of the 
counter (the zero count — ZC) becomes considerable. This ZC 
cannot be characterized by the .statistical uncertainty alone, 
because it shows irregular variations, amounting over periods of 
hours often to more than one imp./min. It is therefore not possible 
to get accurate results by comparative counts of the zero and the 
sample each lasting several hours, as they must do to reduce the 
statistical error. AThen, however, comparative counts are made 
over a large number of short periods the influence of the drift 
of the ZC becomes eliminated. Acting on a proposal from prof. 
Kroou I therefore undertook to construct an apparatus which 
can do this automatically. 

Tlie principle of the construction is to liave the slide carrying 
the preparation moved back and forth between two positions, 
placing the preparation exactly under the window of the counting 
chamber in one and withdrawing it so far in the other that a ZC is 
made. A clock is started and stopped each time with the preparation 
and adds up the time t during which the preparation is counted. 
The change is made by the fastest drum of the counting device 
each time 100 impulses have been recorded. When we measure the 
total time T for, say, 5 000 impulses we have recorded 2 500 imp. 
from the preparation and corresponding to the time t and 2 500 
from the ZC corresponding to T—t. Each of these counts will have 
a 2 % statistical uncertaint)'. Assuming T to be 1 000 min and t 
to be 400 min, we get for the preparation 6.25 ±0.12 imp./min 
and for the ZC 4.17 ± 0.08. The difference, the net count for the 
preparation is 2.08 ± \/o. 12 - ± 0.08® = 2.08 ± 0.145 or an error 
of ± 7 while with long period coimts it would be difficult to 
reduce the uncertainty below 1 imp./min. 
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Fig. 3. 

Kg. 1 slio'vv's the apparatus in elevation, fig. 2 seen from above. 
Fig. 3 shows the wiring for the magnet and the mechanic counting 
de\’ice. The power to move the slide is obtained from a weight of 
about Ys kg suspended in a steel wire (Sni) wound on the shaft 
(A fig. 2). The fig. shows also a wire (Sn.) wound in the opposite 
direction and holding a small weight. The two wires are not 
wound directly on the shaft, but on a thinwalled tube, fastened to 
the shaft by a bayonet clutch. ^^Tien the tube is loosened the wire 
(Sni) can be wmmd on by pulling (Sno) off, so as to rapidly prepare 
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the apparatus for a fresh set of countings. On the shaft (A) the 
circular disc (S) is mounted and connected by the rod (PS) to the 
sliding rod (B) Avhich can be hitched on to the slide of the counter. 
On the edge of the disc (S) two steel pins (aj) and (aa) are arranged 
in the same diameter with the connecting rod. These will come up 
against the stop (Kl) moimted on the anchor of a small electro- 
magnet (hi). One pin only can pass the stop when the anchor is 
attracted by the magnet. The action of the stop is illustrated in 
figs. 1 and 3. The hatched areas in fig. 3 are a few mm higher 
than the others. The pin (a^) is pressed upwards by the weight, 
but is kept in place by the stop, hVhen the anchor is attracted (ai) 
will slide off (Kl'), but (sj) will be stopped by (Kl"). h^Tien the 
anchor is released (aj) will move from (Kl") to (Kl') which does 
not cause any perceptible movement of the slide. A spiral spring 
(P fig. 2) pulls the anchor back when no current is on. The current 
is put on by the fast drum of the mechanical counter (fig. 3). 
On to this is soldered a small wedge (K) which touches a contact 
spring (f) when the drum records 0 and I. The spring is isolated 
from the metal case of the counter. To avoid sparking and elec- 
trical disturbances which might affect the counting the con- 
denser (C = Ihl.F) and resistance (R = 200 Q) are arranged. 
As a source of current we have a rectified alternating current, 
but a 25 v. dry battery serves very well. On the sliding rod (B 
fig. 2) a bent pin (B) presses two contact springs (Kj and Ka) 
together when the slide is pushed in. (These must remain in con- 
tact while the anchor is being attracted by the magnet.) (Kj) is 
fixed to the metal stand while (Kj) is isolated. They connect the 
self starting synchronous clock with the A. C. mains through a 
15 000 Q resistance to reduce the electrical disturbance which 
might otherwise act on the amplifier system and give rise to spu- 
rious impulses. 

A control on the working of the apparatus can be obtained by 
measuring the distance through which the weight has been lowered, 
since 100 impulses correspond to a definite length of wire. 

It is evident that the apparatus cannot conveniently be used for 
radioactive substances having a half life period less than about 
12 to 24 hours, but this does not matter much since the biological 
applications usually require rather long-lived substances. We 
have used the apparatus mainly for the determination of weak 
preparations of phosphorus and sulphur. The preparations are 
fixed in aluminium dishes and these placed in the slide. 
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Even with a counter showing normally a constant ZC it will be 
convenient to use the apparatus, because it provides a control of 
the ZC which is extremely useful because the counter may become 
soiled from traces of active preparations. Soiling of the counter 
itself will raise the ZC, but not otherwise give trouble, but soiling 
of the slide ma 3 r be troublesome and is discovered by taking two 
ZC simultaneously, which should not differ by more than the statis- 
tical uncertainty. For this purpose the slide is supplied with 
2 indentures for samples. It is possible also to measure two weak 
preparations one against the other, but for this purpose other 
arrangements are preferable. 

Summary* 

An apparatus is described purporting to increase the accuracy 
in measurements of weak radioactivities by the Geiger-Miiller 
coimter. This is important because the background count , often 
varies a great deal more than can be accounted for by the statisti- 
cal uncertainty. To avoid the effect of this variation preparation 
and zero count are measured alternately at short intervals. This 
is performed automatically by the apparatus described. 


Reference. 

Levi, Hilde, Acta Physiol. Scand. 1941. 2, 311. 
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In continuation of our investigations on .synthetic polysaccharide 
sulfuric acid esters ns anticoagulants in blood clotting (Astrup, 
G-AL.S.MAR and Voi.kkrt (194-1) ) we have studied the sulfuric acid 
ester of cellulose gh'collic acid prepared by Karrkr, Koenig 
and UsTERt (1943). This substance was said to be sufficiently non- 
to.vic to he used for clinical purpo-scs. 

In pre%iou.s investigations (A.strup, Galsmar and Yolkert 
(1944) ) it was found that cellulose sulfuric acid esters prepared in 
the usual manner could be precipitated by addition of concentra- 
ted salt solution.^, c. g. of KaCl. "We have now found that, when 
the heating of the reaction mixture is continued for several hours 
or at a higher temperature, products soluble in concentrated salt 
solutions ore obtained. By dissolving in water the substances 
prepared in this manner, solution.s of low viscosity were obtained, 
while the earlier products gave solutions of high ^^scosity. The 
anticoagulant activity wa.s only moderately decreased, while the 
new products were considerably less toxic than the old cellulose 
sulfuric acid esters; but just ns the glycollic acid derivatives, they 
were not found completely non-toxic. 

A. Preparation of the Substnnce.s. 

Cellulose GhjeoUie Acid: This substance was prepared (compare 
CnowDHURY (1924) ) by treating 5 g of cellulose in 3 hours 'with 40 ml. of 
a 40 per cent KaOH-solution and then adding 20 g of monochloroacetic 
acid in small portions. After standing for half an hour another 40 ml. 
of the KaOH'-solution and 20 g of chloroacctic acid was added and the 
mixture left standing to the next day. The mixture was then treated 
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ivitli 9G per cent ethyl alcohol (about 100 ml.) and dissolved again in 
water (about 100 ml.) and this procedure was repeated three times. 
The solution was then centrifuged for one hour in order completely to 
remove any cellulose left uncliangcd. The clear solution was now re- 
prccipitntcd with alcohol several times (with addition ofa few ml. of a 
saturated NaCl-soliition) until neutral reaction. After treatment with 
alcohol it was dried in the air. Yield 5 g of the sodium salt. (K — 96). 

Sulfuric Acid Ester of Celhdose Glycollic Acid: 2.;, g of cellulose gly- 
collic acid (as sodium salt) is heated to 115 — 120® for one hour (oil bath) 
in a mixture of 7.5 ml. of chlorosulfonic acid in 60 ml. of a-picoline. 
After cooling it is suspended in 200 ml. of water and centrifuged. The 
solution is neutralized with 2-n NnOH and precipitated with 600 ml. 
(2 vol.) of ethyl alcohol. The precipitate is dissolved in 100 ml. of water 
and dialyzed agamst tap water. After filtering it is concentrated in 
vacuo to about 90 ml., a few ml. of saturated NaCl-solution added and 
precipitated with l.o vol. of ethyl alcohol. The precipitate is isolated 
and dried with alcohol. Yield 1.4 g. (K — lOT.s). 

Karrer (1. c.) used a considerably lower temperature (85®), but we 
obtained only good yields at higher temperatures, both with pyridine 
and a-picoline ns reaction medium. 

Cellulose Sulfuric Acid Soluble in Concentrated Salt Solution: A mixture 
of 60 ml. of a-picolinc, 7.5 ml. of chlorosulfonic acid and 2.5 g of cellu- 
lose is heated for one hour to 115 — 120® in an oil bath. After cooling it 
is poured into 200 ml. of cold water. 100 ml. of 2-n JJaOH is added and 
the solution is precipitated by addition of 300 ml. of saturated sodium 
chloride solution. After centrifuging the precipitate is dissolved in 
50 ml. of water, again centrifuged and then precipitated with one vol, 
of alcohol. After treatment with alcohol and drying in the air it weighs 
3.1 g. (K—lOG.i.) 

This product constitutes the cellulose sulfuric acid w'hich is insoluble 
in concentrated salt solutions. The soluble substance is found in the 
supernatant liquid from the centrifuging, which is now precipitated by 
addition of one vol. (COO ml.) of alcohol. After centrifuging the precipi- 
tate is dissolved in 100 ml. of water, dialyzed against running tap water 
for two days and concentrated in vacuo to 50 ml. After addition of a 
small amount of saturated NaCl-solution it is precipitated with 75 ml. 
of alcohol. It is filtered, treated with alcohol and dried in the air. Yield 
3.0 g. (K— IOG.2). 

By changing the composition of the reaction mbeture, the reaction 
time or the temperature, it was found possible to increase the yield of 
the soluble substances, and in some cases only traces of the insoluble 
products were left. Other polysaccharides iverc treated in a similar 
manner and yielded also products of lower toxicit}', see later under 
Section C. 


B. Properties of the Substances. 

The properties of the substances thus prepared were investiga- 
ted according to methods previously described, the anticoagulant 
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The action of the sulfuric acid ester of cellulose glycoUio acid on the clotting of 
blood in a rabbit. Abscissa: Time (in minutes) after the intravenous administra- 
tion of 2 mg. per kg. of the substance. Ordinate; Clotting time (in minutes) of blood 

removed from a carotid. 



A similar experiment as in Fig. 1 using 2 mg. per kg. of a soluble cellulose sulfuric 

acid (K — 84.2). 


23 — i5026G. Acta pliys. Scandinav. VoLQ. 



354 TAOE A8TRUP AND .TDEGEN PIPER 

activity preferably according to the inctliod described by israup 
Galsmar and Vodkeut (1944) and the toxicity according to tlic 
platelet method, Piper (1945 a). 

The anticoagulant activities of the sulfuric acid ester of cellulose 
glycollic acid and that of the soluble cellulose sulfuric acid are of 
the same order, about a third to one half of the potency of a 
cellulose trisulfuric acid (C — ^12) prepared as usual (Astrup, 
Galsmar and Volkert (1944) ) and used as a comparison sample. 

In Table I are shown some typical results of the experiments 
on intravenous administration of the substances on rabbits. The 
number of platelets arc given in thousands. 


Table I. 



i 

\ 

Number of 


Subslftncc 

Dosis 

Platelets 



m;? per kg 






before 

1 nfter 


Cclhiloso glvcollio ncid 

.1 mg 

912 

; 871 

No clusters 

(K— 71.1; K— 7:1.1) 

r> » 

070 

015 

» » 

Sulfuric ncid ester of cclluloae 

MW 

050 

052 

No clusters 

clycollio field (K — 81.1; 

Hem 

020 

530 

» » 

K— 107.2) • 


072 

482 

Single clusters 

Insoluble cellulose sulfuric ncid 

~ mg ' 

990 

400 

Single clusters -f 

{K~S4.I; K— lOG.l) 

5 » 

410 

86 

Clusters -f-r 


10 » i 

811 

440 

Clusters -f-f 

Soluble cellulose sulfuric ncid 

f» mg 

G87 



(K— 81.2; K--100.2) 

10 » 

760 




The action on the blood coagulation in vitro of the substances 
prepared is very similar to that of heparin, and shown in Fig. 1 
and Fig. 2. 

€. Biscn.ssion. 

The new substances arc considerably less toxic than the sub- 
stances previousl)’^ prepared, as they agglutinate the thrombo- 
cytes only to a very moderate degree. Especially in the doses used 
for practical purposes they may be assumed to be almost harmless. 
They may be used for experimental purposes, but are not suffi- 
ciently non-toxic to be used for therapeutic purposes, as in this 
case very rigid claims of harmlessness must be made. In his paper 
Kabreb (1. c.) writes: “Dio Toxicitatsbestimmungen der Poly- 
saccharid-polyschwefelsiiure-ester streuen sehr erhoblich: offenbar 
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spielen individuelle Unterschiede der Tiere bei der Vertraglichlceit 
der Praparate eine grosse Rolle. Urn ein zuverlassiges Urteil iiber 
die Giftigkeit dieser Substanzen. zu gewinnen, sind daher sebr 
zablreicbe Toxicitatsbestimmungen unerliisslicb.” 

According to our opinion- it is not sufficient for tbe substances 
here in question to determine a mean value of tbe toxicity. In our 
experiments with polysaccharide polysulfuric acids we have often 
obtained grave symptoms by intravenous administration of doses 
which in other animals gave no signs of toxicity, neither macro- 
scopically nor microscopically. The reason for this great individ- 
uality may lie in the mode of action of the substances, as their 
toxic properties are due to the agglutination of the thrombocytes. 
The decrease in the number of thrombocytes may vary consider- 
ably from animal to animal, using the same dose of the same 
preparation. It is therefore impossible with safety to predict the 
severity of the platelet agglutination by administration of a dose 
to an animal, and even if only a few per cent of the animals used 
respond with any signs of severe intoxication, this must be suffi- 
cient to preclude the use of such a substance in man. 

If therefore a substance of this kind is not found to be com- 
pletely harmless in all cases and in doses considerably higher 
than those which may be used in practice, it must necessarily 
be called a toxic substance. According to Karrer (1. c.) clinical 
investigations with his substances are imder way. We do not, 
however, hold any of the substances investigated by us safe enough 
to warrant such a test. A sample of cellulose glycoUic acid sulfuric 
acid ester, kindly furnished by Professor, Dr. Paul Karrer, 
Zurich, was compared with our products and showed similar pro- 
perties. 

It is interesting that it is possible only by changing the reaction 
conditions to obtain cellulose sulfuric acids which are almost 
non-toxic, while the anticoagulant potency is only moderately 
decreased. A splitting of the cellulose molecule may be assumed, 
yielding degradation products of lower molecular weight, but stiU 
of a colloidal nature and therefore retaining most of the inhibitory 
action. 

By treating rice and potato starch in the same manner (5 g. 
to Y.o ml. chlorosulfonic acid in 50 ml. of a-picoline, one hour 
at 115 — 120° C.) similar products are obtained. The anticoagulant 
strength is about one half of the strength of the cellulose trisulfuric 
acid (C — 12) used as comparison sample, and they also are less 
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toxic (10 mg. per kg.: blood platelets: 505 ->■ 264 (rice), 608 125 
(potato) ). The sulfuric acid esters of .starch prepared in the usual 
manner were very toxic substances. 

Methyl cellulose yields a substance with a potency of the same 
order but Avith a considerably higher toxicity (10 mg. per kg.: 
blood platelets: 600 -»■ 51). Acetyl cellulose gives under the same 
conditions only small amounts of an inactive, non-toxic product. 
Almost all the acetyl substance is (especially at 100“) left as a 
substance insoluble in cold water. By heating it is dissolved and 
after cooling the solution is transformed into a comparatively 
rigid gel. Further investigations of the substances here mentioned 
are described in connection Avith a comprehensive study of the 
properties of synthetic polysaccharide sulfuric acids, Piper 
(1945 b). 

This work aa’us aided by grants from “Daimarhs tehnishe Hoj- 
sJcoles Fond for tehnish Kcmi'’ and from “Lovens kemisJce Fahriks 
Ixgat til Minde oni Ajiotelccr Angust Kongsted”, 

Summary. 

The preparation and properties of a sulfuric acid ester of cell- 
ulose glycollic acid and of a cellulose sulfuric acid ester soluble in 
concentrated salt solutions are investigated. 

The . toxicity of the substances prepared are decreased con- 
siderably in comparison with the toxicity of the synthetic poly- 
saccharide sulfuric acid esters . preAuously investigated, while 
the anticoagulant activity is only moderately decreased. 
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It Tvas shown by Astrup (1942, 1944) that the activity of throm- 
bin is greatly influenced both by pH-displacements and by varia- 
tions in the ionic strength of the solutions. In the last-mentioned 
paper it is supposed, with reference to an investigation by Bamann 
and Salzer (1936 a), that also the action of the acid liver phos- 
phatase may depend on the ionic strength of the medium. Bamann 
and Salzer show that by using citrate buffer prepared according 
to Sorensen two maxima of activity are obtained (at pH 4 and 
5.5). If the concentration of citrate is kept constant, only one 
maximum at pH 5.5 is found. 

Lundsteen (1938), however, has shown that the presence of 
citrate makes the colorimetric determination of phosphorus 
uncertain, as the extinction, for the same amount of phosphorus, 
decreases with increasing amounts of citrate, while acetate is 
vithout disturbing influence on the determination. The minimum 
of activity evident from the curves found by Bamann and Sal- 
zer corresponds exactly to the pH-value, where the concentration 
of citrate is the largest, when the buffers are made as described 
by Sorensen. The deflection of the pH-activity cmve found by 
these authors is therefore in all probability only a result of the 
presence of citrate and has nothing to do with the action of the 
phosphatase. Hence it is not possible to draw any conclusions 
based on the results of Bamann and Salzer, and the purpose of 
the present investigation is, with the use of acetate buffers, to 
disclose any influence which the ionic strength might have on 
the action of the acid liver phosphatase. 
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The enzyme is prepared from thoroughly ground ox liver treated 
3 times with acetone and once with ether and dried at room temperature. 
The extraction is carried out with a twenty-fold volume of n/'lO acetic 
acid, cf. Bamank and Salzek (193G, b). The enzyme solution is kent 
at 0°. ^ 


Acetate buffer is used in all experiments. For some experiments the 
acetate buffer is prepared in the usual manner by changing simul- 
taneously the contents of sodium acetate and of acetic acid. Other 
experiments have been made with a buffer solution containing a con- 
stant amount of sodium acetate and varying contents of hydrochloric 
acid, by which means the ionic strength is kept constant. 

A 0.2a molar solution of /5-glyccrophosphate (sodium salt) is used as 
substrate, and the pH value of the resulting solution.s is determined with 
a glass electrode. 

To the experiments 4.0 ml of the enzj'me solution and l.o ml of the 
substrate arc used. Buffer, salt solution and water arc added until the 
total volume is 20 ml. Then one drop of toluene is added and the samples 
are placed for 24 hours at 31°. In 5 ml of the mixture the proteins are 
precipitated by the addition of 5 ml of 10 per cent triehloro-acctic 
acid. After centrifuging, the free phosphate in 5 ml of the centrifugate 
is determined according to Fi.ske add SunnAROW (1925), using a Pul- 
frich photometer, and the total amount of free phosphorus in the sample 
is calculated. The results are sho%vn in the graphs. 


Fig. 1 shows that the addition of a constant amount of sodium 
chloride to the reacting solution (with acetate buffer of the usual 
composition) docs not change the position of the pH-optimum for 
the reaction (about pH 5). 

In Fig. 2 an acetate buffer of the usual composition is compared 
with an acetate buffer of constant ionic strength. The activity of 
the enzyme decreases at the lower pH values, when the ionic 
strength is kept constant (^i = 0.1). At the higher values the ionic 
strength of tlie two buffer solutions used is about the same, and 
the enzyme activities of tlie two solutions arc approaching each 
other. The pH-optimum is a little higher than in fig. 1, possibly 
due to the circumstance that another (older) enzyme solution is 
used. 

Fig. 3 shows the results of the addition of different salts in 
varying concentrations, pH being kept at 4.8. 

Previous investigations on the action of electrolytes on phos- 
phatases have, as a rule, aimed at the finding of specific inhibitors 
or activators for the enzyme reaction in question, and the salts 
have therefore been used in small concentrations. Thus Iitouye 
(1929) found that fluoride, sulfate and oxalate inhibit the action 
of glycerophosphatases from Aspergillus otyzae, Bamann and 
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Fig, 1. RclAtion bet\^t:cn pH nnd nction'of the ncid liver pliosphatnso with and 
•without the addition of sodium chloride. 



Fig. 2. Relation between pH and action in acetate buffer at constant or varying 

ionic strength. 


360 


S0REN L0VSTRUP JENSEN. 



Pig. 3. The inhibitory action of different salts in relation to the ionic strength. 

Riedel (1934) stowed ttat the contrary to its action on 

tte allcaline phosptatase, is unable to activate acid phosphatases 
of animal origin. In higher concentration it acts as an inhibitor. 
Mobii (1933) has shown that the chlorides of Cu, Re and Mn pre- 
vent the phosphatase action. Beleanti and collaborators (1935) 
have found that the action of the acid liver phosphatase is retarded 
by oxalate and fluoride, while the alkaline phosphatase is not 
influenced. 

From the results here published (Fig. 3) it is seen that the salts 
investigated may be divided into two . groups. The first group 
includes potassium oxalate, potassium nitrate, lithium sulfate, 
zink acetate, aluminium chloride and, to some degree, potassium 
io^de. It may be assumed that these substances exhibit a specific 
inhibitory influence on the enzyme system, even if the mode of 
action probably is not the same for the different salts. The second 
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group, containing sodium chloride, magnesium chloride, potas- 
sium bromide, ammonium bromide, sodium acetate and probably 
mangano chloride, shows an inhibitory action, which, with reason- 
able accuracy, seems dependent on the ionic strength of the solu- 
tion. It may be assumed that this inhibitory effect is due to a salt 
effect. Potassium iodide and mangano chloride are intermediate 
between the two groups; in small concentrations they do not 
exhibit any specific action. 

Summary. 

It is found that some electrolytes exert an unspecific inhibitory 
action on the activity of the acid liver phosphatase. This inhibi- 
tory action seems to depend on the ionic strength of the solution. 
Other salts, however, exhibit a specific inhibitory action. 

This investigation was made at the suggestion of Dr. Tage Astrup, 
to whom I wish to express my best thanks for advice during the work. 


References. 

Astbup, T., Biochem. Z. 1942. SIS. 229. 

Astrup, T., Acta Physiol. Scand. 1944. 7. Suppl. XXI. 

Bamann, E., and E. Eiedel, Hoppe-Seyl. Z. 1934. 229. 125. 
Bamann, E., and W. Salzer, Biochem. Z. 1936 a. 280. 143. 
Bamann, E., and W. Salzer, Ibidem, 1936 b, 280. 147. 

Belfanti, S., a. Contardi, and A. Ercoli, Biochem. J. 1925. 29. 517. 
Fiske, C. H., and Y. Subbarow, J. Biol. Chem. 1925. 66. 357. 

Inouye, K, j. Biochem. 1929. 10. 395. 

Lundsteen, E., Enzymologia, 1938. 5. 383. 

Morii, I., cited after Ber. ges. Physiol. 1933. 72. 725. 



From the Medical Clinic of the Scrnfimcr Hospital and 
the Physiological Laboratory of Knrolinska Institutet, 
Stockholm. 


The Effect of Some Drugs on the CheinoceptiYe 
Fibre Activity in tiie Carotid Sinus J?erre. 

By 

B. GERNANDT and Y. ZOTTERMAN. 

Received 9 ItaTch 1915. 


From previous investigations (Euler, Ltljestrakd and Zot- 
TERMAN 1939 a, 1939 b, 1911) it has been demonstrated that 
lobeline and nicotine most likely exert their stimulating action 
upon peripheral neural junctions in the chcmoccptivc fibres of 
the carotid body. The object of the present experiments was to 
investigate whether the strong stimulating effect upon the cir- 
culation and the respiration exerted by some related drugs is 
due at least to one part to a direct excitation effect upon the che- 
moceptive fibres of the nerve of Hcring. 

Teclmiquo and Procedure. 

The experiments have been performed on cats anaesthetized by 
intravenous injection of O.os g chloralosc per kg body weight. In order 
to obtain good space for placing the electrodes the carotid sinus region 
is widely exposed by resecting the upper part of the muse, sterno- 
cleidomastoideus and removing the large lymph gland which covers 
the carotid sinus. The glossopharyngeal nerve is easily found as it pas- 
ses closely along the tjmipanic bulla. After resecting the lateral part 
of the digastric muscle the glossopharjmgeal nerve is cut as centrally 
as i^ossible. By holding the central end of the nerve the branch sent off 
to the carotid sinus can now bo dissected free. In order to obtain as 
high a signal-to-noise ratio as possible the common sheath of the nerve 
is pealed off. This is best effected by pinching the sheath at the central 
cut end of the glossopharyngeal nerve and by drawing it off over the 
nerve as a sock. In this way the sheath comes off from the tiny caro- 
tid sinus nerve without any undue stretching of the nerve fibres. 
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A cannula is introduced in the central part of the lingual artery. 
After clamping the external carotid artery, this cannula is used for 
introducing the agents to he tested directly into the sinus region. The 
arterial blood pressure is recorded from the femoral artery by a Hg- 
manometer and the respiratory movements by means of a simple 
Marey pneumograph. The actions potentials from the nerve of Hering 
were studied by means of an amplifier and a cathode ray tube pre- 
viously described (Zotterjla.n 1939). 

The injection of ordinary Ringer solution into the carotid sinus is 
normally followed by a decrease in the frequency of small action po- 
tentials from the nerve. This effect is due to the bicarbonate content 
of the solution and this must be borne in mind when judging the effect 
of various drugs administrated in Ringer solution. Intra-arterial in- 
jection of lobeline 1 ; 100,000 in Ringer solution gives however an 
immediate very strong excitatory effect on the nerve as has been re- 
corded pre^dously (Euler, Liljestrand and Zotterman 1939). Lobe- 
line can thus be used as a test upon the functional ability of the chemo- 
ceptive fibres. ■ When the nerve preparation responds to an intra-ar- 
terial injection of a few fig of lobeline we may feel sure about that we 
have chemoceptive fibres in function. 


Results. 

Niceiamide and 'pentar.ol. According to experiments by E. ZuNZ 
and P, Tresionti (1931) coramin exerts its stimulating effect 
upon the respiration by a direct action upon the respiratory 
centre as well as by a reflex action via the carotid sinus region. 
By recording the act on potent'als from Herings" nerve, when 
injecting appropriate amounts of the drug intra-arterially we 
could at once get a definite proof of its peripheral action. We 
have for that reason tested some closely related substances, nicet- 
amide (pyridinoyldiaethlylamide) and pentametylentetrazol in 
doses from a few ^g to 50 mg. 

In the larger doses these substances when injected intra-ar- 
terially elicited a very marked rise in the arterial blood pressure 
and an apnoea of short duration very similar to the effect of adre- 
naline in larger doses. Injections of amounts less than 1 mg. had 
no effect upon the blood pressure. No effect whatever could how- 
ever be observed upon the activity of the chemoceptive fibres. 
We have repeated these experiments with the same negative re- 
sults in altogether six cats in which the nerve preparation always 
responded promptly to a few //g of lobeline. It thus seems obvious 
that the stimulating effect of these drugs upon the respiration 
must be elicited entirely centrally. 
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Piferidine. U. S. v. Euler (1944) has recently shown that 
]jiperidine is excreted normally wdtH the urine and that the ex- 
cretion . is very considerably augmented during niuscular exer- 
cised Its typical nicotine like pressor action would suggest that 
it might stimulate the chemoceptive fibres of the glomus caro- 
ticum. This suggestion was proved to be true. It was found that 
piperidine was highly effective upon the carotid body. Thus, as 
small a dosis as l.» fig in 0.2 ml. Einger solution injected intra- 
arterially elicited a very definite response. The effect of piperi- 
dine is shown in fig. 1, C and D, where its action is compared by 
that of lobeline (Eig. 1 B). As the sinus nerve is cut, the intra- 
arterial injection on this side of these small quantities has no. 
effect on respiration or blood pressure. 



Fig. 1 a. Cat 3.1 kg, chloralose anaesthesia. Upper curre respiratorj’’ movements, 
lower curve arterial blood pressure. The cat is breathing air spontaneously. The 
arrows mark the intra-arterial injection of B) 1.5 //globelinc.C) 1.5 ng piperidine 
and D) IS .«g piperidine. The arrow A shows the moment when the electro-neuro- 
gram A of fig. 1 b is taken. Blood pressure 130 mm. Hg. 

It will be found, that the action of piperidine upon the caro- 
tid body seems to be of very much the same strength as that of 
lobeline. There is however one difference between these two sub- 
stances, i. e.the action of lobeline persists longer than the action 
of piperidine. This may be due to differences in diffusion rates,, 
as the latter substance has a lower molecular weight and it might 
thus be eliminated more quickly from the seat of its action. 

These facts raise the question whether piperidine physiologi- 
cally might exert a regulating function upon the circulation and 
the respiration. The extreme sensitivity of the carotid hody to 
piperidine demonstrated in this research seems to ns to speak m 
favour for such a view. It may not be impossible that the increased 
liberation of piperidine during muscular exercise as discovered by 

' Lecture given to Svenska Lakarsiillskapet 20 Febr. 1943. 
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Fig. 1 b. Action potentials from the carotid sinus nerve of cat (3.1 kg.) when 
breathing air spontaneously. Blood pressure 130 mm. Hg. A. Control. B. After 
an intra-arterial injection of I..! ug lobeline in 0.2 ml Ringer solution. C. After an 
intra-arterial injection of 1.5 «g piperidine in 0.2 ml Ringer solution. D. The effect 
of 15 «g piperidine intra-arterially. Cf. fig. 1 a. Time 1/60 sec. 


U. S. V. Euler, may render a concentration of this substance 
in the Wood sufficient enough to exert an action upon the res- 
piratory functions. 
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Summary. 

1. The effect of nicetamide, pentametylentetrazol and piperi- 
dine introduced directly into the carotid sinus has been tested 
by recording the action potentials from Hering’s nerve. 

2. Nicefamide and pentamctylcntctrazol do not exert any di- 
rect action upon the afferent mechanisms of the carotid sinus 
region. Their stimulating effect upon respiration is thus of en- 
tirely central origin. 

3. Piperidine exerts a very strong excitatory action upon He- 
ring’s nerve, the strength of which is very similar to that of lobeline. 

4. The physiological significance of this effect of piperidine is 
briefly discussed in relation to the recent work by U. iS. v. Euler. 
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If a suitable amount of adrenaline is injected intravenously, 
the following rise in blood pressure is usually accompanied by 
a diminution of the depth and rate of respiration which some- 
times goes so far that an apnoea results. These phenomena were 
first described in the rabbit and the dog by Oliver and Schafer 
(1895) and have since been demonstrated also in the cat. Roberts 
(1921) found that a similar effect was observed if the blood-pres- 
sure was raised quickly by compression of the abdominal aorta. 
By a process of exclusion he came to the opinion that adrenaline 
produces its effect upon respiration by direct action upon the 
medulla. He assumed that it causes a vasoconstriction of the vessels 
of the medulla, so that the centre is paralysed by want of oxygen or 
by an accumulation of metabolites. The same view was held by 
Mellanby and Huggett (1923). Obviously the explanation does 
not apply to the apnoea after aorta compression. At that time, 
however, the role of the sinus mechanism for the respiratory fimc- 
tion was unlmown, and with this new knowledge it became ne- 
cessary to reinvestigate the matter. Experiments on dogs and 
cats performed by Hetjlans and Bouokaert (1930) and by 
Wright (1930) proved that the adrenaline apnoea is mainly of 
reflex origin. If both vagi were cut and the carotid sinuses de- 
nervated, the action was practically abolished, only a very small 
effect remaining. According to Heymahs and Bouckaert, the 
adrenaline apnoea is due to a reflex inhibition of the respiratory 
centre, produced by the increase of the blood-pressure in the car- 
dio-aortic and sinus circulatory areas. This escplanation is m 
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liarmony witli the view held by these authors that the nerves of 
the carotid sinus exert an inhibitory respiratory tonus which is 
maintained by the normal blood-pressure. In support of this 
Assumption, two observations are quoted: 

1) Perfusion experiments of the sinus have demonstrated that 
respiration can become depressed and even arrested, if the per- 
fusion pressure is raised sufficiently, whereas, at a low perfusion 
pressure, respiration is increased. These effects are abolished by 
•denervation of the sinuses. 

2) Clamping of the two common carotids when the sinus ner- 
ves are intact is followed by an increase in respiration; denerva- 
tion renders the clamping ineffective on the respiration. 

Serious objections must be raised, however, against an inter- 
pretation according to wliich these observations prove a direct 
influence from the baroceptors on respiration. Thus, Euler and 
iiLJESTRAND have pointed out (1937) that variations in the blood- 
pressure may greatly influence the blood-flow through the caro- 
tid body and, thereby, the chemical stimulation from the blood. 
In their perfusion experiments, increased perfusion-pressure 
sometimes caused a diminution of ventilation or apnoea, especi- 
ally if the preceding pressure was low, which in itself caused a 
hyperventilation. This is in favour of the view that the decrease 
in ventilation is dependent on a diminution or abolition of the 
chemical stimulation of the carotid body. No evidence was ob- 
tained that a direct inhibitory influence on respiration is exer- 
cised by the arterial blood-pressure itself on the sinus region. 
Similar results were obtained by Bjurstedt and Hesser(194:2). 
In their experiments a special perfusion cannula was used, so 
that the sinuses were relatively- well supplied with oxygenated 
blood even at low perfusion pressures, Under these conditions, 
•considerable lowering of the perfusion pressure sometimes called 
forth an increase in ventilation, but this appeared only after a 
long reaction time and grew slowly, whereas a rather sudden 
•onset was to be expected in case of a reflex from tbe baroceptors. 
After the reflexes on the blood pressure had been abolished, it 
was still possible by raising the perfusion-pressme to obtain 
decreased ventilation. Bjurstedt and Euler (194:2) also came 
to the conclusion that, -under normal conditions, respiration 
was not reflexly influenced from the baroceptors of the sinus 
And aorta regions, thoxigh they observed such an influence 
After section of the vago-depressor nerves. 
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Witli regard to the effects on respiration of clamping the com- 
mon carotids, Samaan and Stella (1935) interpreted these as 
the result of variations in the. oxygen supply, and Eulee and 
Liljbstrand (1936) added some new evidence in support of their 
view. Rudberg (1938) could demonstrate that the stimulating 
effect on respiration of clamping the carotids in the rabbit or 
the cat was enhanced by lowering the blood-pressure below a 
critical value. Later on (1940), he found that this effect could be 
counteracted to a certain extent by inhalation of oxygen. Wi- 
sing (1937) observed a decrease in the alveolar carbon-dioxide 
tension in anemic patients but not in cases of essential hyper- 
tension, so that the assumption that the endosinusal pressure 
per se would elicit a reflex effect on respiration received no sup- 
•port. All the evidence available makes it very probable that the 
effects on respiration of clamping the carotids are due, not to 
the abolition of an inhibition but to a stimulation of chemore- 
ceptors. A direct demonstration that such a stimulation is evoked 
by the clamping was given by Euler, Liljestrand and Zotter- 
JiAN (1939), who found a considerable increase in the discharge 
from the chemoreceptors in the sinus nerve when the carotids 
were clamped. 

In the light of the investigations quoted, it seemed very doubt- 
ful whether the adrenaline apnoea is to be attributed to a direct 
inhibitory influence from the baroceptors of the sinus and aorta 
regions. It would seem to be in better harmony with the known 
facts to assume that the increased arterial pressure will provide 
a better blood-flow through the carotid and aortic bodies and 
thereby diminish the stimulation of the chemoreceptors in those 
regions. It is of interest to mention in this connection that Bo- 
EUTTAU (1899) found that the change in respiration was produced 
when adrenaline raised an abnormally low blood-pressure to a 
normal height, the respiratory effect thus not being due to an 
abnormally high blood-pressure. 

Methods. 

AH our experiments have been performed on cats in chloralose 
anesthesia, O.OG g per kg body-weight being injected intravenously. 
The respiration has been recorded partly by means of the body plethys- 
mograph previously described by Euler and Liljestrand (1936), 
and partly by the aid of a simple pneumograph in connection with a 
Marey tambour. The latter method had to be employed when the ac- 

24 — i50266. Acta phys. Scandinav. Yol.9. 
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tion potentials were simultaneously recorded. The arterial blood-pres- 
sure was recorded from the femoral artery by means of a Hg-mano- 
meter. Intravenous injections were made through the femoral vein. 
The impulse traffic in the carotid sinus nerve was studied by recording 
the action potentials by means of an amplifier and cathode-ray oscillo- 
graph formerly described (Zotterman 1936). The cats either respired 
air spontaneously or were given to breathe pure oxygen or gas mix- 
tures from a small Keogh spirometer via Muller valves. 


Results. 

I. Variations in Oxygen and Carbon Dioxide Tension. 

If the decrease in respiration after adrenaline is due to a richer 
blood supply to the carotid and aortic bodies with a correspond- 
ing lessening of the local oxygen want or carbon dioxide accu- 
mulation then it is to be expected that the effect should he modi- 
fied if the tensions of those gases in the blood is altered. This can 
easily be demonstrated. 

If the animal is breathing pure oxygen instead of air, the apnoea 
after adrenaline starts at about the same point, though we have 





Kg. 1. Cat 2.G kg. Upper curve 
respiration (body plethysmograph), 
lower curve blood-pressure. Time 
marking 10 see. The lower arrows 
mark the injection of 20 fig of 
adrenaline intravenously. At upper 
arrow the cat is given to breathe 
pure oxygen spontaneously. 



A B O 

Kg. 2. The same auiraal as in fig. 1, the 
curves showing the effect of an intravenous 
injection of 10—20 fig of adrenaline when 
breathing spontaneously A air, B 5.2 per 
cent carbon dioxide and 22 per cent oxygen 
and C 9.1 per cent carbon dioxide and 19 
per cent oxygen. 
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sometimes observed a short delay. From our point of view this might 
be explained by an earlier observation (Euler, Liljestrand and 
ZoiTERMAN 1939), according to which, changes in the oxygen 
tension produce very prompt changes in the electric response 
from the sinus nerve, whereas the effect of carbon dioxide appea- 
red more slowly. When the blood pressure is raised by adrenabne 
during air breathing, both oxygen want and carbon dioxide ac- 
cumulation should be counteracted; during oxygen breathing no 
oxygen want exists. The main influence of oxygen breathing is, 
hou-e%'er, that it greatly increases 
the duration of the apnoea (Fig. 

1). Since oxj’gen want stimulates 
respiration exclusively from the 
carotid and aortic bodies, the 
prolongation of the apnoea with 
oxygen seems to indicato that 
the apnoea is closely connected 
with the acti\-ity of the chemo- 
receptors. On the other hand, 
the apnoea can be somewhat 
shortened though not abolished, 
if the animal is breathing a gas 
mixture ])oor in o.x}'gen. In a 
similar way, stimulation of res- 
piration vdth carbon dioxide can 
reduce the effect of adrenaline 
on respiration more or less com- 
pletely (Fig. 2). 

In confirmation of Heymans 
and Bouckaert and Wright, 
we too have found that only a 
very small immediate adrenaline effect on respiration is left, if 
both vagi are cut and the sinuses denervated. It seemed of in- 
terest that this small residue was still observed during oxj'gen 
inhalation (Fig. 3). It seems natural to assume that it is due 
to a central effect, though the detailed mechanism is unknown. 

n. Action Potentials from the Chemoreceptive Fibres 

of Sinus Nerve. 

If our interpretation is correct, it must be expected that the 
adrenaline apnoea is accompanied by a decrease in the action 





260 , 



Fig. 3. Cnt 3.9 kg. Arrangement as be- 
fore. Both sinus nerves and both vagi 
cut. The animal is breathing pure oxy- 
gen spontaneouslj’. At arrows injection 
of 40 fig of adrenaline intravenously. 



Fig. 4. Cat 3.2 kg. .4 respiration (pneumograph), B blood-pressure. The tiro 
lower curves show the impulse traffic in. the sinus nerve (most pressure fibres 
eliminated) G during ovorventilation (first arrow) and D when spontaneous respi- 
ration is regained (seeond arrow). Time marking on the film strips ^/y, sec. 

potentials from the chemical fibres of the sinus iierve. In order to 
test this we recorded the action potentials from the sinus nerve after 
reducing the pressure fibres in the way described before (EuiiER, 
Liljestrand and , ZpTTERMAN 1939)., Fig. 4 illustrates that ar- 
tificial overventilation with air decreased the number of poten- 
tials considerably and there can be no doubt that the majority 
of the impulses are elicited by chemical stimulation. From Fig. 5 
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Fig. 6. The same animal as in fig. 4. The effect of intravenous injection of 40 fig 
of adrenaline (at lower arrow). The cat was breathing air spontaneously. C shows 
the activity in the carotid sinus nerve (most pressure fibres destroyed) before the 
injection (first upper arrow) and D immediately after the initial rise of the blood 
pressure (second upper arrow). 


374 


B. QEBNANDT, Q, LILJESTRAND AND Y. ZOTTERMAN 



aAaaaaaaaaaaaaaaaaaa/v: 

' ■ ■ ■ '■ i 



Fig. G. The same animal as in fig. 4. The effect of 40 «g of adrenaline when the 
cat is breathing pure oxygon spontaneously. Note that the apnoea now is much 
prolonged and that tiio activity in the carotid sinus nerve 0 before (corresponding 
to first upper arrow) and D after the injection (at second upper arrow) is less 
than when the cat was breathing air. 
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it can be seen that the number of chemical potentials during 
the beginning of the adrenaline apnoea is still further reduced. 
After oxygen inhalation (Kg. 6) there are only very few potentials 
before the injection, and the activity is further depressed at the 
start of the apnoea. We have repeated these experiments several 
times and conclude, therefore, that the action potentials of the 
chemical fibres of the sinus nerve are greatly reduced in number 
during the start of the adrenaline apnoea. In our opinion this 
gives a definite proof that the apnoea is due to a diminution or 
an abolition of a reflex stimulation of respiration, and not to an 
inhibitory effect from the baroceptors upon the centre. 


nL Can Apnoea be Produced by Section of the Sinus and 

Vagus Nerves? 


Since adrenaline apnoea must be considered to be the result of 
an instantaneous elimination of the chemoreceptor activity of 
the sinus and aortic regions, it seemed desirable to investigate 
vrhether apnoea could be induced if the sinus and vagus nerves 


were cut as quickly as 
possible. Tor this purpose, 
the four nerves were laid 
free and thin tlireads were 
placed underneath them. 
They were lifted carefully, 
avoiding any stretching, 
and cut with scissors at a 
given signal. We started 
by cutting the two sinus 
nerves. As Kg. 7 de- 
monstrates, respiration de- 
creases immediately. This 
is in accordance with the 
results of Eui.er and 
Liljestraxd (1936) who 



showed that exclusion of 


the siouses regularly leads 
to a diminished respira- 
tion. When the vagi were 
cut a few minutes after- 
wards there followed an 
apnoea of short duration. 


, , , t ! • rr-t '.1 » 



Fig. 7. Cat 2.6 kg. Upper curve respiration 
(pneumograph), lower curve blood-pressure. 
Time marking 10 sec. At the first arrow both 
sinus nerves out simultaneously, at the second 
arrow both vagi out simultaneously. 
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We then tried to cut all four nerves immediately after each other. 
The result (Fig. 8) was that an apnoea developed which led to- the 
death of the animal. This is the "respiratory death” observed 
by Witt, Katz and Kohn (1934), who also observed a temporary 
apnoea after the denervation. They suggest that the fall of the 
blood-pressure to low levels contributed to the depression of the 

respiratory centre. In good 
agreement with their experi- 
ence is the considerable de- 
cline of the blood-pressure in 
our experiment. We think 
that this can be explained 
in the . following way. The 
apnoea leads to oxygen want, 
and since no pressor reflexes 
are evoked from the sinus and 
aorta regions any more, the 
oxygen shortage will cause a 
depression of the vasomotor 
centre, and this in its turn 
leads to the respiratory stand- 
still. In order to test this 
hypothesis, we repeated the 
experiment on another cat, 
but diiring oxygen breathing 
(Fig. 8). The result is a rapid 
rise of the blood-pressure, and 
respiration has soon resumed 
the usual appearance after 
vagotomy, but there is at 
first a period with decreased 
respiration. We think that, 
on the whole, these experiences lend further support to our con- 
ception of the adrenaline apnoea as the result of a temporary 
reduction, or an elimination, of the peripheral chemoreceptor 
activity. 



Fig. 8. Upper curve respiration (pneumo- 
graph), lower curve blood-pressure, time 
marking 10 sec, A Cat, 3.0 kg, is breathing 
air spontaneously. The first arrow marks 
the simultaneous cutting of both sinus 
nerves and the second arrow of both vagi. 
J5 Cat 3.0 kg, is breathing oxygen sponta- 
neously. The two arrows mark the section 
of the nerv^es as in A. 


Summary. 

Adrenaline apnoea is increased by inhalation of oxygen. It 
can be decreased more or less, if the animal is breathing gas 
niixtures poor in oxygen, or rich in carbon- dioxide. 
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During the apnoea, the chemical impulses from the sinus nerve 
are greatly reduced in number. Eespiration can be depressed or 
apnoea provoked if the vagi and the sinus nerves are cut within 
a short time of each other. 

The results obtained cannot be reconciled with the hypothesis 
that adrenaline apnoea is due to a direct inhibition from the baro- 
ceptors of the sinus and aortic regions. In our opinion, adrenaline 
apnoea is the result of a reduction of the activity of the chemo- 
receptors. 

This investigation has been aided by a grant from the Therese 
and Johan Andersson Memorial Foundation. 
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Chemical methods unfortunately are not sensitive enough for 
n quantitative estimation of liistaminc in blood plasma. Because 
of the low concentration of histamine it is necessary to use biolo- 
gical methods. Plasma, however, contains other biologically active 
substances, which affect the test objects, thus interfering with 
the assay. Prior to the assay these substances must be removed 
through an intensive and time-consuming process of chemical 
extraction. Barsoum and Gaddum (1935) de%dsed such a method 
of extraction, and with this method it was foimd that plasma 
contains histamine (Barsoum and Gaddum 1935, Aneep and 
Barsoum 1935). The Barsoum-Gaddum method was later modi- 
fied by Code (1937). 

During experiments on the histamine content of aqueous hu- 
mour it was found that this fluid can be tested directly on the 
guinea-pig ileum, without any previous chemical treatment (Esime- 
liiN and Palm 194:4:). As the aqueous humour is considered by some 
authors to be an ultrafiltrate of blood plasma, it might be of inte- 
rest to investigate whether an ultrafiltration of plasma can yield 
a solution, the histamine content of which can be tested directly 
on the isolated guinea-pig gut. 

Experiments. 

As a test object we used the isolated guinea-pig ileum, suspended 
in Tyrode solution in the usual way. Bach sample was divided in 
two portions. One of these was extracted according to Code 
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(1937), the other was ultrafiltrated. We used a method of ultra- 
filtration described bj Eehbeeg (1943). The sample is placed in 
a cellophane tube surrounded by a basket of metal wire; the filtra- 
tion pressure is obtained by centrifugation. Of the different cel- 
lophane tubes of Eehberg’s, the most impermeable ones were used 
in our experiments. The samples were centrifuged at a speed of 
3,000 — 3,500 rev. per min. during 30 — 120 minutes. 

Experiments loith histamine solution of hnown conceniration. 
Preliminary experiments were made with a Tyrode solution con- 
taining 100 y histamine base per litre and 3,5— 7.0 % egg albu- 
men. Table I shows a comparison between extracted and ultra- 
filtrated samples. Control experiments proved that histamine 
was contained neither in the extract nor in the ultrafiltrate of a 
Tyrode solution with only egg albumen added. From the table it 
can be seen that about 90 % of the histamine could be recovered 
from the extracts, about 100 % from the ultrafiltrates. 

Table L 


Tyrode solution containing 100 y histamine per litre and S.s — 7.o% 

egg albumen. 


E.x:periment no. 

1 

2 

3 

4 

5 

6 

D 

8 

9 

mean 

value 

Histamine content 

/'/I 

e.xtraction 

95 

90 

,0 

90 

90 

95 



90 

89 

ultrafiltrntion 

105jl05 

100 



105 

95 


100 

103 


Table 11. 

Ouinea-pig plasma. 


Experiment no. 

1 

2 

3 

4 

5 

6 

7 

8 

Histamine content 

yn 

extraction 

235 

240 

160 

140 



320 

155 

nltrafiltration 

250 

260 

H 



240 




Table III. 

Eat plasma. 


Experiment no. 

D 

2 

3 


5 

6 

7 

Histamine content 

r/i 

extraction 

160 

145 

no 

315 

140 

190 

165 

ultrafiltration 

150 

150 

no 

330 

160 

215 

175 
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Table IV. 


Rahhit plasma. 


Experiment no. 

I 

2 

3 

4 

5 

G 

D 

B 

9 

10 

11 

12 

Histamine content 

extraction 

3.50 

•200 

565 

800 



■ 


160 

1900 

n 


ultrafiltration 

310 


555 

800 

150 

1350 

800 


175 

1900 

145 

620 


Experiments with blood plasma. Guinea-pigs, rats and rabbits 
were used as experimental animals. Rabbit blood was obtained 
from an ear vein. Guinea-pigs and rats were anaesthetized with 
ether, and blood was withdrawn by heart puncture, Heparine was 
used as an anticoagulant. The blood was centrifuged during 
20 — 45 minutes at 3,500 rev. per min. and plasma was collected. 



} A 5 

Fig. 1. Isolated giiinen-pig ileum, suspended in 2 ml Tyrode solution. 

1) 0.020 y histaniino is added. 

2) 0.14 ml c.'ctraot of guinen-pig plasma. 

3) 0.024 y histamine. 

4) 0.14 ml extract. 

5) 0.14 ml ultrafiltrate ot plasma. 

6) 0.05 ml plasma. 1.0 ml of- the extract corresponds to 1.0 ml plasma. 

Tables II, III and IV summarize these experiments. The tables 
show that the results of the two methods agree fairly well. It 
seems reasonable to expect the ultrafiltrations to give somewhat 
higher values than the extractions. The loss of histamine is prob- 
ably greater with the chemical procedures than with the ultra- 
filtration; the preliminary experiments with a solution of known 
histamine content point in this direction. Besides, the samples 
are not entirely comparable; the histamine concentration of the 
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extracts is expressed in terms of y per litre plasma, that of the 
ultrafiltrates in terms of y per litre ultrafiltrate. 

Figure 1 exemplifies an estimation of the histamine content 
in extracted and in ultrafiltrated guinea-pig^s plasma (experi- 
ment no. 5 in table II). This figure also shows that the histamine 
content cannot be estimated by adding the untreated plasma to 
the gut. From our experiments it is evident that the interfering 
substances' can be eliminated not only by extraction but also by 
ultrafiltration; they are obviously to be found amongst the plasma 
components of large molecular size. 

Summary. 

TJltrafiltration of plasma from guinea-pig, rabbit or rat gives 
s solution, the histamine content of which can be estimated 
directly on isolated guinea-pig ileum. Compared with the usual 
chemical extraction this method is simpler and takes less time. 
It is also less drastic. Histamine obtained by this method must 
have been present in plasma in a free state or as a very labile 
compound. 
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In previous communications it lias been shown that piperidine 
occurs as a normal constituent of human urine (Euler, 1941 a, 
b, 1945). The results obtained with urine from school-boys be- 
fore and after the gymnastics training hour suggested that mus- 
cular worlc may increase the output of piperidine in urine. In 
the present paper some results will be presented which, deal with 
the excretion of piperidine in human urine during controlled 
muscular work. 

Methods. 

The quantitative determination of piperidine was made according 
to the methods described in a preceding paper (Euler, 1945). As a 
rule the determinations were made colorimetrically with the naphtho- 
quinone reagent, but in several instances the results were checked by 
biological determination on the cat’s blood pressure or on the isolated 
intestine of the rabbit. The agreement between the results obtained 
by the different methods was constantly good. 

The experimental subjects were told to empty their bladder as com- 
pletely as possible before the beginning of the work and to note the 
exact time. After the termination of the work the subjects had to 
micturate again and the time interval between the two micturatious 
was recorded. Since the amount of urine obtained from the short periods 
of work was too small for collection and extraction, the urine was taken 
from longer periods, usually 1 — 3 hours. From the tetal piperidine 
amount the estimated output during rest was subtracted. This was 
calculated on the assumption that the output per minute was O.oi mg 
piperidine at rest, a figure which may be regarded as safe and is slightly 
in excess of the rates actually determined. The output during work is 
then expressed in the amount per hour for comparison with the resting 
value. The error introduced in the results by this method of calculation 
will probably not be of any appreciable importance. 

Most of the samples were obtained from athletes ruzming at various 
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speeds^ or workuig at a fixed rate on tne bicycle ergometer. The 
degree of muscular Tvork Was also controlled by determination of the 
oxygen consumption in a number of cases. 

In other e:!^eriments samples were taken from single subjects or 
groups of subjects performing more or less heavy work in gymnastics 
or athletic training. 

Control determination of the piperidine output during periods of 
rest were made on urine collected from the night’s sleep or from shorter 
periods of day-time rest. 

•Of the samples 40 ml were subjected to 3 hours’ continuous fluid ex- 
traction with ether according to the method previously described and 
the ether solution extracted -with acidulated water. This extract could 
be used for direct colorimetrical determination. "When biological de- 
terminations were made, larger samples of urine had to be used for 
extraction. The figures of piperidine excretion are given in terms of 
piperidine hydrochloride. They are not corrected for the small deficit 
due to incomplete extraction. 


Besnlts. 

/. Piperidine excretion in urine during muscular work in single 
subjects with control of work or oxygen consumption. 

In the follo'wing table I the results from 3 single subjects ~ 
all of them well-trained athletes — are summarized and the 
piperidine output during rest and work shown. 


Table I. 


Name 

Date 

1944 

—46 

Running 

work/specd 

km 

per hour 

Oxygen 

con- 

sump- 

tion 

1/min. 

Period 

of 

work 

min. 

Urine 

sample 

interval 

min. 

Urine 

volume 

ml 

i 

Piperidine 

output 

mg/hour 

rest 

(sleep) 

work 

H... 

19/12 

9—15 

2.7— 3.7 

33 

120 

83 


■ 


H. .. 

8/1 

10—15 

2.7— 3.C 

20 

90 

100 



(1.1)' 

H... 

19/1 




540 

270 




H... 

8/1 




555 

265 




H. .. 

13/1 




480 

235 

4.1 

nsi 


H... 

18/1 




525 

265 

l.e 

0.18 


H... 

21/1 




3G0 

250 

1.0 

0.31 


H... 

25/1 




525 

265 

2.4 

0.27 


H... 

13/1 

17 

4.2 

16 

90 

70 

2.1 


5.4 

H... 

672 

17 

4.2 

9 

60 

60 



3.3 

H... 

7/2 

18 

4.6 

9 

70 

37 

1.3 


4.5 

H... 

9/2 

18 

4.5 

9 

55 

100 

1.5 


6.7 

H. .. 

14/2 

17 

4.5 

12 

70 

37 

2.4 


9.4 

H. . . 

11/3 

20 


5 

55 

52 



2.8 

H... 

7/3 

19 

4.7 

8 

40 

100 

1.1 


5.6 

H.. . 

9/3 

20 

4.7 

6 

80 

50 

1.4 


6.0 

^ Not included in the average 



Average (H) 

0.29 

5.5 


* My thatLks are duo to Prof. E. Hohwu-Cheistensen for his kindness in 
placing his material at my disposal and to those trho gave urine samples. 
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Name 

Date 

1944 

—45 

Ergomotcr 

■\vork 

Oxygen 

con* 

sump- 

tion 

1/min. 

Period 

of 

work 

min. 

Urine 
sample 
interval 
min. . 

Urine 

volume 

ml 

Piperid- 
ine mg 
total 

Piperidme 

output 

mg/hour 

rest 

(sleep) 

work 

J.... 



■ 


540 

329 


11 


J 

22/3 




540 

265 




J. . . . 

21/3 

1440 


33 

45 

50 

1.0 


1 G 



kgm/min. 








J. . . . 

26/3 

» 


30 

45 

39 

0.7 


1,0 

J.... 


1260 


30 

130 

108 

4.1 


fl.g 



kgm/min. 








J. , . . 

23/4 

D 


30 

130 

228 

2.3 


2.G 

J. . . . 

24/4 

0 


30 

100 

185 

1.9 


2.4 

J. . . . 


1 * 


30 

100 

67 

1.2 


1.0 

J 

26/4 

» 

■■ 

30 

130 

95 

3.0 


5.2 

Average (J) 

0.46 

2.9 

M... 





510 


4.1 

BUI 


M. . . 

3/5 




510 


4.7 

■iViTia 


M... 

mm 

1620 


10 

150 


l.s 


2.4 



kgm/min. 








M... 

23/4 



10 

210 

107 

3.9 


11.4 

M... 

24/4 



10 

150 

101 

2.0 


3.6 

M... 

25/4 



10 

210 

. 185 

3.3 


7.8 







Average (M) | 

0.52 

6.3 


From the Table I it is evident that the piperidine output in 
urine is considerably increased as a result of moderate or heavy 
muscular ■work as compared •with the excretion during rest. Thus 
the output in the subjects H and M amounted to 5.5 — 6.3 mg 
per hour (hard work) and in subject J 2. 9 mg per hour (moderate 
work) as against a resting value of 0,3 — 0.5 mg per hour. 

II. Piperidine excretion in miscellaneous experimental subjects 
at work and at rest. 

Determinations have been made of the piperidine output in 
urine in a number of persons which have been performing various 
kinds of work. The results are summarized in the Table II. Con- 
trol determinations have been made from comparable periods of 
day-time rest. 

The samples from the 7 juniors were collected after a road run 
competition of 3. 5 km. The figmre in the last column is the average 
from all seven sprinters, whose samples were mixed and treated 
together. The 6 juniors were healthy male medical students at 
ordinary room rest. 
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Tabic n. 



Mill 

mil 

1 

Period of 
Tvork min. ^ 

Urino 
sample ; 
interval i 

Urino 
volume , 
ml j 

Piperidine 
output 
mg per hour 

j rest 

1 work 

\ 

1 G. • 

i 5/2 

1 

6“— 8“ 

200 

0.53 


i G 

! G/4 ! 1 


G— 8 

78 

0.51 

1 4.i 

i G 

1 23/4 : i 


1 1B“— 16" 

74 

0.83 


i G.... 1 

13/2 j Hard 

17—18“ 

17—18“’ 

95 



in i 


17” — i 

17“ — 18“ 

60 

1 

2.G 

! G i 

16/4 1 Light 

10“— 11 1 

10"— 11 1 

70 


1.7 

i 7 Juniors 

22/4 1 Hard 

10 

1 25 j 

580 


1 4.G 

j G .Tnniors 

! I ! 

] 

! 15—17 1 

' 899 

0.53 



Discussion. 

Thougii the results liavc shown a consistent increase in the 
amount of piperidine excreted through the urine in connection 
with muscular work, considerable variations in the single figures 
occur. This is no doubt partly dependent on the difficulties in 
cmptAung the bladder completely before and after the experi- 
mental period. In the case of low urine volumes the errors in- 
troduced will be considerable and this is probably the explana- 
tion why the tliree lowest urine volumes corresponded to the 
lowest piperidine figures in the experimental subject J; The lowest 
figures for this reason arc somewhat doubtful. 

The highest figures, single and average, are found in the series 
where the intensity of the work done was high. Since the high 
values were also obtained when the period of rest preceded the 
work and the bladder emptied shortly after the end of the work, 
it is inferred that the excretion sets in very rapidly. This is in 
agreement with the results of experiments where piperidine was 
taken by mouth and its rate of excretion determined. Already 
after 15 "minutes a definite increase in the piperidine output could 
be demonstrated. 


Summary. 

The piperidine output in mine at rest was foimd to be from 
0.3— 0.5 mg per hour (sleep) to 0.5— 0.8 mg per hour at day- 
time rest in healthy young males. 

25 — 'i502G6. Acta phus. Scandinav. VohO. 








386 


U. S. V. EULER. 


In connection -with moderate or hard work the piperidine ex- 
cretion in urine was greatly augmented. Average figures ex- 
ceeding 6 mg per hour were obtained. 

This work has been aided by a grant from the Therese and 
Johan Andersson Memorial Foundation. 
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INTRODUCTION 


When the gaze is directed towards a point and the fixation 
of the point is continued, any object situated in the field of 
vision will be seen less distinctly than at the fixation point. 
Hirschberg (1878) compared the visual field to a painting on 
which only a very small central area (subtending an angle of 
1°) is carefully painted, the remainder barely sketched, and 
that more and more roughly the nearer one gets to the edge 
of the picture. Moreover, only in a zone within 8 — 10 ° from 
the centre of the picture saturated beautiful colours are seen, 
while further from the middle the colours disappear one after 
the other in regular succession, until the extreme periphery 
shows quite colourless — grey painted on grey. 

When one wishes to scan more closely the single objects 
in the visual field, these must be fixated successively — a pro- 
cess which normally functions unconsciously. 

The part of the retina on which the image of the fixation 
point falls is knowm as the seat of the direct or central 
vision (Piirkinje 1825^, Helmholtz 1896®®) while the in- 
direct vision is confined to the remaining regions of the 
retina. Only the terms direct or central and indirect vision 
— as defined above — are used. The term — peripheral vi- 
sion — is not desirable, as this naturally refers to the peri- 
phery, but does not characterize the less eccentric vision 
especially the paracentral. 

How large an area of the retina is occupied by direct vision 
is still undecided. Some authors maintain that vision is uniform 
throughout the fovea, while others have found that direct 
vision is confined to a much smaller area. 


1 
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Further investigations on the boundaries of direct vision 
on the retina are thus desirable. 

It can be regarded as quite definite that by indirect vision 
the visual acuity gradually diminishes with increasing eccen- 
tricity in the field, but is somewhat different in the two retinal 
meridians, as the visual acuity decreases more slowly in the 
horizontal than in the vertical meridian. How rapidly the 
indirect vision is decreased is not definite. It is not known 
whether the difference found is due to the method employed 
or to individual differences in subjects tested. 

The theories which in the course of time have been pro- 
pounded to explain the difference between indirect and central 
vision, have naturally been based upon conditions — optical, 
structural or otherwise — which are known to differ, cor- 
responding respectively to the fovea and the remaining retina. 
Which condition carries most weight differs with the different 
authors. Some regard the distinctness of the retinal image as 
the most essential, others — and perhaps the majority — think 
that structural conditions, partly the relative distribution of 
the cones, partly the » coupling* of the cones to larger units 
by horizontal connections can explain all features of indirect 
vision. Finally there are authors who consider psychological 
factors such as attention and training as the most important. 
While other explanatory possibilities can hardly be imagined, 
information on an experimental basis concerning the relative 
importance of the individual factor is lacking, especially 
whether indirect vision can be explained in the same way in 
all zones of the retina. 

It has therefore been thought desirable to perform new 
experimental investigations on central and indirect vision, the 
results of which are shown in this book. 

In Part I an account of the physiology of central and in- 
direct vision is given. Part II states the results of certain ex- 
periments which attempt to throw light on the difference be- 
tween central and indirect vision, hereby going deeper into 
the problems surrounding indirect vision and — perhaps — 
solving some of them. 



PART I 


THE PHYSIOLOGY OF 
CENTRAL AND INDIRECT VISION, 
PREVIOUS INVESTIGATIONS 
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further intensive subdivision, and are content with explaining 
the physiological conditions for the correct recognition of cer- 
tain simple experimental figures, by which definite sides or 
ipartial functions* of the sense of vision can be in- 
vestigated. The following partial functions which hitherto have 
been investigated are intensity threshold (min. perceptibile, 
Rcizschwelle), min. visible, differential threshold (min. disting- 
vibile), min. separabile (for points, squares, and lines), resolv- 
ing power, visual acuit}’, visual acuity as measured by recog- 
nition of letters (min. legibile), form sense (min. cognoscibile) , 
aligning power (space threshold) and movement threshold. 
The functions mentioned can quite certainly be classified ac- 
cording to definition, but it is not impossible that many of 
them rest on same physiological basis, while the condition 
of others appears to be so complex and involved that they 
can only with difficulty be used for experimental investigations. 

In the following an attempt is made to group the partial 
functions according to the individual prerequisites so as to 
form a starting-point for comparison between central and in- 
direct \nsion. 

The physiological component of the visual 
sense is divided into three main functions. 

A. Light sense, defined as the ability to recognize the 
differences in intensity, measured by the discrimination 
factor. 

B. Color sense. Tlie ability to recognize the colour (wave 
length) of the Tight, measured by sensitivity to change in 
wave length. 

C. The physiological resolving power, the 
ability to recognize the exact position in the monocular 
field of vision of the image-point, measured by the mini- 
mum separabile for two points. 

The physiological resolving power can also be measured 
by the movement threshold or by the form sense. Min. separa- 
bile is chosen as measure due partly to its suitability, partly 
to convention. 
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A. Sense. 

Light sense is defined as the ability to recognize the diffe- 
rences in light intensity, an ability which will only be de- 
pendent on the sensitivity of the receptors, and will be inde- 
pendent of a possible subdivision of the sense organ into 
different receptors — unless these are able to cooperate. Neither 
will the optical imagery have any influence on the light sense. 
Even a single sense cell, with its corre.sponding afferent neu- 
rones may record changes in the illumination. In conformity 
with this a rise in the frequency of discharge from the nerve 
fibre of a single receptor cell has been observed on the illu- 
mination being increased. {Hartline, Keffer & Graham 1932). 

The intensity discrimination, as mentioned in 
the definition, is used as measurement -of the light sense. It is 
expressed by the discrimination factor (the ratio IjAl 
i. e. the start intensity divided by the intensity discrimination 
threshold (differential threshold or light difference)). A sense 
organ, consisting of only one sense cell with its corresponding 
neural connections cannot register more than one intensity 
at the same time. Light sense must therefore in this case be 
measured by the ^successive differential thres- 
hold® i, e. by sensitivity to successive changes in intensity. 
As a special instance of intermittent stimulus the determina- 
tion of fusion frequency of flicker may be mentioned. By this 
the rate of presentation of the successive stimuli which is 
necessary to produce complete fusion is found. 

Only when the visual organ consists of at least two in- 
dependent anatomically and functionally separated units (each 
perhaps consisting of several receptors) will there be a possi- 
bility of simultaneous comparison of two light intensities, and 
thereby of determining »lhc simultaneous diffe- 
rential threshold®. Even two receptor units, of which 
one is more illuminated than the other, will be able to give 
a certain one-dimensional spatial orientation 
of the direction of the source of light. 

In the case where the start intensity is 0, the differential 
threshold will be identical with the intensity threshold for 
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light, (minimum perceplibile or light minimum). Viewed super- 
ficially the distinction between the differential and intensity 
threshold is only of slight importance. On the other hand, it 
will be seen later that this distinction is of a great practical 
importance (see p. 23). 

It is often proved that the differential threshold is depen- 
dent on the light intensity. Furthermore, the size of differential 
as well as intensity threshold has proved itself a function of 
the stimulated retinal area. In the following a reference — in 
outline — of the results of the investigations found in literature 
on the subject will be attempted. 


1. BiSSerentifil Threshold. 

a. Dependence on light intensity and 
adaptation. 

According to the W'cbcr-Fcchners Law intensity discrimi- 
nation is constant, independent of the light intensity. After 
experiments, among which those of Aubert (1865) and Konig 
& Brodhun (1888), it is generally regarded as definite that 
this law holds good for medium intensities for a light-adapted 
eye not blinded by glare. [Hecht 1925, 1935). For lesser as 
well as higher intensity the discrimination factor is less. (The 
differential threshold greater). The optimal size of the diffe- 
rential threshold amounts to about V 2-2 per centof the intensity 
and can only be obtained with large test areas, so that the diffe- 
rential threshold found must be regarded as a function of the 
intensity discrimination for a mixed central and indirect 
vision, (further details sec p. 10). (Although this section is 
mainly concerned with central vision, the intensity discrimi- 
nation by indirect vision will be discussed where desirable). 

The majority of investigations on the differential threshold 
(e. g. Fechner (1859), Aubert (1865), Konig & Brodhun (1888), 
Hecht (1925, 1935)) were not performed with constant light- 
adapted eyes — the luminous intensity of the test object only 
determining the adaptation level. The only experiment in 
which the influence of the adaptation factor could be separated 
from that of the intensity on the differential threshold was 
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performed by Crack (1938). By this experiment the successive 
differential threshold for a circular test area (angular diameter 
35 ) surrounded by an adapting screen (angular diameter 45') 
was determined. The differential threshold proved to be not 
less tlian 1 per cent of the start intensity if test and adaptation 
intensity were equal. This holds good for all intensities, espe- 
cially for the light-adapted eye. If the brightness of the adap- 
tation field is greater than that of the test object the differen- 
tial threshold increases sharply up to 100 per cent of the 
intensity. If the opposite is the case the differential threshold 
increases too, but not to the same extent. 

When the eye is kept constantly adapted to light the dif- 
ferential threshold first decreases with increasing light intensity 
until adaptation intensity is reached. With higher intensities 
the differential threshold again increases quite slowly, having 
remained approximately constant round its minimum [Craik 
1938). 

b. Dependence on the stimulated retinal 
area. 

The stimulated area of the retina may influence the inten- 
sity discrimination, partly by its size and partly by its position 
on the retina in relation to central and indirect vision. The 
following pages are mainly concerned with the dependence 
of the size (of the area) while a discussion of the regional 
influence is left to chapter II (p. 59) . 

When the dependence of the differential threshold on light 
intensity is to be investigated, the light difference can either 
be kept constant and the size of the object varied until the 
threshold has just been passed, or vice versa. In the first case 
— the visual angle being varied — the fact that the differential 
threshold has been exceeded will be manifested by the object 
changing from invisible to visible against its background. This 
holds good especiallj’' for objects illuminated from before, e. g. 
white points on a black ground or vice versa, as the black 
ground or the black points will always reflect a certain per- 
centage (7 per cent) of the light falling on them (Henng 
19251“^). Visibility of the objects in such a case will be con- 
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dilioned by the difference in brightness between black and 
white, that is by the intensity discrimination of the retinal 
area on which the image of the object falls. 

Since Tobias Mayer (1754) it has been known that for an 
object illuminated from before the visual angle and the bright- 
ness necessary for the object to be visible against its back- 
ground vary inversely- In the course of time a good many 
experiments have been performed to formulate this relation. 
As one of the best known the so-called Ricco's law (1877) shall 
be mentioned. According to this the product of the area and 
the brightness is constant for objects with a retinal image less 
than the fovea. The validity of Ricco's law in practice will 
not be discussed here, we shall merely mention that originally 
the law was formulated as a law on the areal dependence of 
the intensity threshold based on experiments with white points 
on black ground illuminated by borrowed light, but with this 
assumption that the black ground reflects no light — which, 
however, is not the case. 

Among the investigations of the differential threshold per- 
formed with constant test area and variable intensity difference 
those in which the eyes of the experimental subjects were not 
sufficiently light-adapted must be excluded (e. g, Asher (1897), 
Guillery (1897 a), Lazareff (1911), Stiles & Crawford (1934), 
Steinhardt (1936)). Tims only three papers remain [Heinz & 
Lippay (1928), Craik (1938), and Podcsta & Aeffner (1940)), 
on which this representation of the dependence of the differen- 
tial threshold on the area can be supported. The results ob- 
tained by the various authors are recorded in Table I, from 
which it appears that both the .successive and the simultaneous 
differential threshold for an object compared 
with its surroundings, expressed in per cent 
of start intensity and intensity of surround- 
ing field respectively, increases rapidly with 
decreasing size of object within the present range 
of measurement. The size which the stimulated retinal area 
must have for the differential threshold to reach its optimal 
value of V 2 to 2 per cent cannot be seen from the table. It is, 
however, clear that the image which covers only a retinal 
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area corresponding to the fovea (angular diameter 90 minutes 
of arc*') is not large enough. It follows therefore that the 
optimal differential threshold cannot be 
attained by central vision alone, but only 


Table L 

The values of the successive and simultaneous differential 
thresholds as a function of the size of the test object expressed 
in per cent of start and background intensity respectively. 

Light-adapted eye. 


Angular Diameter Successive DifTerential Simultaneous Differential 


of Test Object; 

Threshold ; 

’ Threshold; 


Heim & Ltppay Cralk 

PodtilS & Afffner 


(1928) (1938) 

(1940) 

7’40” 


200 

irso” 


113 

U’37” 

22 


15’20” 


55 

20’ 

15 


23’ 


29 

35’ 

10 


38’ 


20 

I'or 

5.1 


1'16’ 

4.1 


1°17’ 


5.6 

I'SO’ 

3.8 


3°03’ 

3.2 


36° 

1 


w'hen at least part of the 

indirect vision is 

stimulated 

simultaneously. 



When comparing the values of the table for the simulta- 
nous differential threshold with those corresponding to the 


’) To simplify comparison between distance on retina and di 
stance In the field of vision, all »«easuremenls in lengfe m the 
reUna or visual field in this book, are, as ffrjJS possible measu^^^^^ 
by visual angle, 1’ being taken to be equal to 4.95 (according to 
the schematic eye of Giillstrand). 
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successive differential threshold, the latter appear to be less 
than the former especially with small objects. As the material 
available is very small and accumulated from experimental 
results obtained by different methods no reliable conclusion 
can be drawn. It is probable, however, that the simultaneous 
differential threshold will always be larger than the successive 
as the brightness of sensation of a light source {Broca & Sulzer 
(1902), Lehmann (1905)) and the fusion frequency of flicker 
{Granit 1936®®) is higher with momentary illumination than 
A^ith continuous illumination. 


2. Intensity Threshold, 

For the receptor mosaic of the retina to record the image 
of an object, the image must be illuminated so much more 
(or less) than its surroundings that the difference in intensity 
is recognizable. The retinal image of a luminous point forms 
a light spot (diffusion circle) the intensity of Avhich. decreases 
steadily in all directions without any sharp boundaries (for 
further details see p. 15). The size of the .light spot will depend 
not only on the size and intensity of the point but also on the 
illumination of the surrounding retina. .A luminous p o i n t 
Avill, therefore, only on an absolutelj^ unilluminated 
ground have a size independent of the ground illumination. 
As the intensity of the image decreases from the centre out- 
wards, the absolute minimum in visual an g le 
can be achieved by fixing the intensity of the point just over 
the tlireshold arid at the same time avoiding illumination of 
the background. 

We shall here assume that the intensity threshold, i. e. the 
sensitivity of the individual receptors is constant. This, as will 
be shoAAm on pages 34, 131, 156 and 181 is only approximately 
correct. 

Similar considerations hold good Asdth regard to the per- 
ception of a dark point on luminous ground. If 
the illumination is just strong enough to cause all the receptors 
to be stimulated, the receptor or receptors on which the image 
of the dark spot falls will be stimulated under their threshold 
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value, and the point will thus be visible. Its visibility will be 
dependent on the intensity threshold only. When the 
background is strongly illuminated the dark image 
will, because of the dispersion of light in the refractive media 
of the eye (see p. 32), receive an illumination just above the 
threshold value. For this reason the size of a dark point which 
can just be recognized will not be a function of the intensity 
threshold but of the differential threshold for the 
intensity concerned of the less illuminated receptor (or re- 
ceptors) in proportion to the background. 

Experimental determinations of the size of 
the intensity threshold have very seldom been carried 
through and in any case always with dark-adapted eye, while 
corresponding experiments in light adaptation have apparently 
not been made. It is obviously impossible to draw conclusions 
regarding the light-adapted eye from results obtained in dark 
adaptation. It is, however, certain that the intensity threshold 
in case of light adaptation must lie on a much higher 
level of intensity than in case of dark adaptation. 

It has often been shown, that for the dark-adapted eye, 
the intensity as well as the differential threshold, decreases with in- 
creasing size of object (e. g. Graham & Goldmaim 1932, Graham, 
Brown & Mote 1939). The majority of these experiments have been 
performed with relatively large objects (e. g. Henius 1909, Borchardl 
1914, Pickard 193G, TVaW 1938). That so few {Bouma 1939, Kuhl 1940), 
have used quite small objects is in all probability due to the lack of 
certainty which characterizes such experiments. This uncertainty is 
due, partly to the deficient fixation of the dark-adapted eye, partly 
to the presence of Troxlcr's phenomenon (see p. 177) and the strong- 
ly wavering intrinsic light of the dark-adapted eye; each of these 
factors renders a uniform determination of the threshold difficult. 

If the intensity threshold for a green point source which emits 
continuous light is calculated in units of energy i. e. in energy quanta 
per sec. the values obtained will according to Houston & Shearer 
(1930) be 9840 q. per sec. while the intensity threshold for intermittent 
light is 1400 to 2600 q. per sec. If the luminous point is not green 
(wave length 530 pp) but red or violet a much greater quantity of 
light is necessary. For a relatively large object (exact size not 
stated) Russel (1917) found an intensity tlircshold of 200 q. per sec. 
for achromatic light. 

According to these results the statement made by N. Bohr (1933), 
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that the absorption by a receptor cell of very few quanta — or even 
one — should be able to excite the sensation of vision, does not seem 
to be in conformity with facts.*) 


B. Colour Sense. 

By the colour sense of the eye we understand its ability to 
recognize and differentiate between colours. 

It would be appropriate here to give a collected presenta- 
tion of the physiology of the colour sense with a discussion 
of the theories of colour vision, but the limitations of the pre- 
sent book make this impossible. Instead a review will be given 
of some of the electro-physiological experimental results of 
recent years and of the theoretical considerations arising from 
them. 

The first condition of a perception of colour is that the peripheral 
sense organ must be able to record the differences in the wave 
length of the light. Electro -physiological research of recent years 
has shown, that the nerve impulses from one single nerve cell appear 
to vary only in frequency, while the size of the impulses is constant 
(Hartline & Graham 1934) (Granit 1941 b) (see p. 72). Since the 
frequency is conditioned by intensity of stimulus (light intensity) 
and the instantaneous sensitivity of the ganglion cells to this (irri- 
tability) and by nothing else, one cannot imagine that the nerve 
impulses from a single cell can express the variations in the wave 
length of the light except by a greater sensitivity to certain wave 
lengths rather than others. It is theoretically possible that the type 
of discharge is a function of the wave length of the light, but 
this has never been proved (Granit 1941 c). The only possible expla- 
nation of a compounded trichromatic colour perception appears to 
be to ascribe to the receptors a selective colour sensitivity, so that 
colour perception results from a synthesis of impulses from different 
ganglion cells for each point in the field of vision. 

The eyes of the lower animals (e. g. Limulus, (Hartline 1934)) as 
well as those of mammals (e. g. rats and guinea pigs, (Granit 1941 b)) 
show such relative differential colour sensitivity of the receptors. 

According to Granit (1943) intensity perception and 
colour sense are bound to receptor units of dif- 
ferent kinds. The majority of visual nerve fibers give a rela- 

*) The most recent investigations (e. g. Friedrich & Schreiber (1943)) 
confirm however, that Bohr’s calculations are relatively consi- 
stent with the results of practical experiments. 
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lively -wide spectral-sensitivity curve with its maximum at a wave 
length of 560.pn corresponding to the curve of the light-adapted eye. 
The units with wide spectral sensitivity are by Granit called »do- 
m i n a 1 0 r s« and appear to be the organ which produce the im- 
pulses determining the perceived brightness of the light. Units with 
a relatively selective spectral-sensitivity (narrow spectral-sen- 
sitivity curve, are found less frequently than the dominators — these 
units have maximum in the red (580—600 nn), the green (520—540 nn). 
or the blue (450 — 470 region of the spectrum. These units, called 

»m.odulators« are presumably those which enable tlie eye to 
impart to the visual sensation an impression of hue. 

Granii’s theory of colour perception is, as it appears, a modifi- 
cation of Young-Helmholtz’ theor}' but has the advantage of being 
able to explain why some colour-blind persons can differentiate be- 
tween differences in intensity also in the colour-blind regions of the 
spectrum. 


C. The P]iysiolos;ical Besolving Power. 

1. The Conditions for the Exact liocalization of the 
Image Point in the Monocnlar Field of Tision. 

Even an eye consisting of a spherical surface with sense 
cells on the concave side and a hole as optic system can to a 
certain extent orientate two-dimensionally in the visual field 
provided that the sense cells can perceive the variation of the 
illumination on the spherical surface, i. e. have a sufficiently 
good intensity discrimination. 

The accuracy with which a sense organ projects the points 
in the visual field will depend firstly on the optical construc- 
tion of the organ, especially on the resolving power of the 
optical system, and secondly on the size of the receptors and 
the number of independent receptors per unit of area in the 
sensory neuro -epithelium of the organ. The part played by 
both factors will be enlarged upon in the following. 

a. The influence of the optical system. 

The resolving power of an optical system is tlie 
term which is used to measure the distinctness of the image 
attained in an optical instrument, e. g. a telescope or a photo- 
graphic camera. Because of the diffraction of the light at the 
edge of the aperture, which is a component part of every op- 
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lical inslruinenl the image of a distant luminous point formed 
in the focal plane is not a point but a small spot — the dif- 
fraction disc {Ainfs disc) — the light intensity of which 
decreases from the centre outwards. Concentric with the cen- 
Iral maximum are series of alternating light maxima and light 
minima of gradually fading intensity. The distance from the 
centre to the first light minimum — generally represented by 
the letter q) • — is only dependent on the wave length of the 
light used and the diameter of the aperture. As it is assumed, 
a.s a matter of convention, that two diffraction discs {Gull- 
strand 1909 can he seen separately, when their relative 
center distance is q>, (p is said to be the resolving power 
of the optical system in question. ^ is generally given 
in seconds of arc and is calculated from the formula: sin <p — 

^•22 where X is the wave length of the light and R the 

radius of the aperture of the .system (Gullstrnnd 1909®'^^). 

The size of the smallest subjective retinal image imaginable 
on the retina by the optical system, depends on the optical 
imperfections of the eye, i. e. the spherical and chromatic 
aberration, dispersion in the refractive media and also 
the diffraction of the light at the pupillary edge. The effect 
of all these factors is that the image of the point on the retina 
is not a point, but a small light spot with its highest intensity 
centrally. With diminishing size of pupil the said optical im- 
perfections will decrease while the diffraction phenomena will 
increase. Consequently there will be one size of pupil at which 
the resolving power of the optical system is best. 

By calculation A, Gullstrand (1909^'^®) has found the re- 
solving power of the optical system of the eye for yellow or 
white light to be 49 sec. of arc for 3 mm pupil and 72 sec. 
of arc for 2 mm pupil without making any allowance for the 
aberration, however, as this should not be of any essential 
importance at such a small pupil size. With due allowance 
for both aberration and diffraction of light H. Hartridge (1918) 
slates correspondingly that the optimum resolving 
power for the optical system of the eye is 
44 sec. of arc (3.1 p) at a pupillary diameter 
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of 2.5 to 3 mm for yellow or achromatic light. 
Finally a value of 40 sec. of arc is stated by Kiihl (1924 ^76) 

If the resolving power of an optical system with approxi- 
mately the same aperture as the eye (2.2 and 3.5 mm) is deter- 
mined by experiments we shall, according to Rubin (19151^1), 
find values of 47 and 28 sec. of arc respectively for an object 
consisting of two luminous parallel lines. 

According to these statements we seem to be justified 
in assuming that the magnitude of the re- 
solving power of the optical system of the 
eye is slightly less than 1 minute of arc for 
luminous points on dark ground. 

b. Remarks on the structure of the fovea. 

The size of the smallest subjective retinal image imaginable 
will correspond to the size of one receptor in angular measure- 
ment. It will be impossible to recognize a difference in the 
position of an image within the range of one receptor. For 
this reason the fineness of the receptor mosaic will be the 
second of the two chief factors determining the accuracy of 
the spatial orientation in the field of vision, and it will itself 
depend on the size of the individual receptors and a possible 
coupling of the receptors into greater units. 

The size of receptors and their number per 
unit of area. 

The receptors in the fovea consist of visual epithelium 
cells, the so-called cones. The size of the diameter of the central 
cones in the human fovea as stated by various authors varies 
somewhat. According to Gsterberg (1935 the following va- 
lues have been tabulated (Table II) . 

According to 0sterberg’s own countings the diameter of 
the cones in the foveal centre can be calculated to 2.6 (x. For 
the cones outside the center the diameter increases with in- 
creasing retinal eccentricity. See Table VI p. 109. 

The reason why the figures in table II varies considerably 
may either be ascribed to the histological methods used or be 
conditioned by individual variations between the eyes examined. 
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Table II. 

The diameter of the cones in the central part of the fovea 
(According to Osterberg 1935). 


Author: 

Year: 

Diameter in 

Henle 

1852 

3.0 

Kolliker 

1852 

3.0 

M. Schultze 

1866 

2.5 

Roster 

1895 

4.4— 4.6 

Greeff 

1901 

2.5 

Heine 

1902 

4.0 

Rochon-Duvigneaiid 

1906 

2.0— 2.2 

Fritsch . 

1908 

1.8— 4.5 


It is a matter of course that the shrinkage of the tissue caused 
hy the usual histological hardening will make fine measure- 
ments somewhat uncertain and this holds good even if — as 
Osterberg (1935) did it — an attempt is made to control for 
the shrinkage. It is (according to a verbal statement to the 
author) for this reason that in his book Osterberg (1935) has 
omitted to calculate the diameter of the cones. The individual 
variation plays an essential part as well. According to Fritsch 
[Osterberg ^S) the diameter of the central cones varies indivi- 
dually from 1.8 to 4.5 p. 

For the reasons given it will be correct to consider all state- 
ments with regard to the size of the cones to be only relatively 
accurate. 

Tlie absolute number of cones per unit of area 
has a secondary importance only in this connection. However 
Osterberg (1935®^) found 147300 cones per sq.mm in thefoveal 
centre of the retina examined by him, and Fritsch (Oster' 
berg^^) a lower and upper limit of 10000 and 187500 cones 
per sq.mm respectively. 

The centripetally conducting neurones of 
the fovea. 

It is usually assumed (Chievifz 1889, Wilbrand and Saenger 
1904 168^ F. Schieck 1928 580, Kolmer 1936 394) that in the 
fovea there are one bipolar and one optical ganglion cell with 

2 
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its neuron for each cone, but it cannot be excluded, however, 
that in the human fovea there are also polysynaptic bipolars 
and ganglion cells, as our knowledge of the histology of the 
human retina is rather small (Kolmer 1936 Pohjak (1936) 
has found both mono- and polysynaptic bipolar cells in the 
fovea of monkeys and apes, however, mostly monosynaptic 
and the ganglion cells corresponding to these bipolars are 
usually monosynaptic. 

Even if it was known that in the fovea there is one optical 
ganglion cell for each cone, we should not be justified in con- 
cluding that the fibres of the pathway from visual epithelium 
to the cerebral cortex are usually isolated in their entire length, 
as it is quite possible to imagine an ascending conver 
gence*) of the fibres in the lower visual centres in the 
external geniculate body and the superior colliculi. The part 
played by the transversal retinal connections is also unknown 
although certain conjectures have been made with regard to 
the amacrine cells which appear in greater numbers in the 
fovea than in the periphery and possibly convey efferent in- 
hibitory impulses {Graham & Granit 1931) see p. 75). 

As very little is thus known about the afferent pathway 
of the peripheral sense cells in general and as in particular 
it is not known whether a certain number of cones by means 
of transversal fibres are connected to the same optical neuron 
it is judged convenient for the time being to use tire term 
afunctional unit« about the number of cones connected 
to the same independent optical ganglion cell. The size of 
these units as measured by means of sense-physiological ex- 
periments will be discussed later (see p. 23). On a histological 
basis no more can be said about the size of the functional 
units than that in the centre of the fovea they consist of at 
least one cope (diameter about 3 p or 35 seconds of arc). 
As the size of the foveal cones outside the centre proper in- 
creases the diameter of tlie functional units will probably also 
vary. 

*) By convergence (a term which originates from Granit (1936^)) a 
reduction of the number of nerve fibres is understood, the neu- 
rones uniting and becoming fewer, convergence is thus the op- 
posite of arborization. 
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The minimnni separahile. 

The first attempt at relating the resolving of two points 
to the structure of the retina is due to E. H. Weber, who in 
1846 proposed the term »Empfindungskreise« for such small 
retinal areas each of which is connected to one » elementary 
nerve®. Weber further set forth the theory that two points 
cannot be seen separately unless their retinal images are se- 
parated by at least one »Empfindungskreis«. 

Synonymous with »Empfindungskreis« Giraud-Teulon 
(1879) has adopted the term minimum separabile. 

(Pour que le terme qui reprdsente Tare sous-tendu par r616ment 
rdtinicn isolatcur, directeur (c6ne ou b&tonnel), conlienne en lui-meme 
sa signification exclusive, nous proposerons d’adopter la qualification 
de minimum separabile). 

In this book it has been decided to express the fineness 
of the two-dimensional orientation in the visual field by means 
of the physiological resolving power or the ability 
of correct recognition of the relative position of two points, 
and to measure the same by means of the minimum se- 
parabile which is defined as the smallest 
relative angular distance at which two points 
can be perceived as separate. Admittedly this de- 
finition is not the same as Giraud-Teulon’ s original one as it 
does not base the min. separabile on the visual angle of the 
object, but on the angular size of the retinal element, but 
with this modified definition the min. separabile is considered 
to be more useful in practice. If it can be proved that in its 
new meaning the min. separabile under certain conditions 
expresses the size of the functional units the two definitions 
will merge. If so desired this min. separabile might in this 
case be called the min. separable proper while the 
term min. separabile in a wider sense might be 
reserved for the cases where min. separabile bears no clear 
relation to the retinal mosaic. 

If the physiological resolving power — as it might be 
expected — depends on the exact projection of the image only 
(i. e. on the optical imagery and the size of the functional 
units) min. separabile would be independent of the size of 

2 * 
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the object as long as the image of the object is smaller than 
the functional units. A variation in the illumination should 
have no influence either, except that it might affect the size 
of the image. The reason why according to the generally ac- 
cepted view the opposite holds good, namely that the size of 
the min. separabile varies as the size of the object and always 
decreases with increasing illumination, seem to be that the 
experiments on which this view is based have been made with 
objects illuminated from before, so that besides the optical 
imagery and the anatomical structure of the eye the intensity 
discrimination also has an influence (conf. p. 11). Only by 
using luminous points on an absolutely un- 
i 1 1 um inated background — as done by one author — 
it will be possible to eliminate the influence 
of the intensity discrimination. 

In order further to substantiate and expound this theory 
earlier investigations with regard to the minium separabile 
will be dealt with in the following, and the importance which 
in the course of time has been ascribed to this function will 
be specially mentioned. 

a. The dependence of minimum separabile on 
the size of the test object, its relationship 
to the retinal mosaic and its utility as a 
measure for the visual acuity. 

The smallest visual angle at which two points or lines can 
be perceived separately was early used as a measure for the 
visual capacity of the eye, the visual acuity. The first 
to determine this angle experimentally was Robert Hooke, 
who seems to have made two measurements, one with 
lines and one with fixed stars. By the first (1674) {Birch 
1757 ^^°) Hooke found that the lines could not be seen sepa- 
rately when they were separated by a visual angle of less 
than one minute of arc. As to the other measurement (1681) 
(Pergens 1906 ^5) it is stated that two stars could not be seen 
separately when separated by a smaller distance than one 
minute of arc. 

It has later on frequently been attempted to verify Hooke s 
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experiments, the results have differed, this can, however, no 
doubt be explained by the varj'ing methods employed, espe- 
cially with regard to illumination and the selection of test 
objects. 

Aubert (1865-^^) declares that as far as he knows no hu- 
man being is able to perceive two fixed stars separated by a 
smaller angular distance than 3 minutes of arc and concludes 
that Hookes instruments have been inaccurate. Later authors 
who have measured min. separabile for point sources on dark 
background sometimes in light adaptation have all found va- 
lues of 2.1 to 3.5 minutes of arc (du Bois Tieijmond (1886), 
Werfheim (1887), Berger (1936), van Heaven (1937) and Ber- 
ger & Buchthal (1938 a) ) . 

All the same Hooke's figure of 1 minute of arc. for the 
min. separabile for fixed stars is often quoted as correct, 
(f. inst. by Helmholtz (1896"^®), Sulzer (1904*’°^), Heine 
(1916105), Cartridge (1918, 1922, 1936 ^^i), Einthoven (1921)). 
As moreover the min. separabile for objects consisting of 
slits or bars (both luminous and illuminated from be- 
fore) amounts to one half to one minute of arc {dn Bois Bey- 
mond (1886), Helmholtz (1896 ^59)^ Hartridgc (1922), Wilcox 
(1936), van Heaven (1937)), it is easy to understand why 
several authors are of the opinion that the min. separabile is 
the same for points and double lines (f. inst. Giraud-Teulon 
(1879), Helmholtz (1896 Hering (1899), Einthoven (1921), 
Dittler (1932=82)). 

The first systematic attempts to decide the dependence of 
the min. separabile on the size of the object was made by 
Aubert (1865^28) white squares on black ground and 

black squares on white ground both illuminated from before. 
Aubert found the min. separabile to be smaller for black 
squares than for white, but for both categories 
he found the min. separabile to decrease 
uniformly with increasing size of square 
(see Fig. 1). The results obtained by Hofmann (1925 8^) from 
similar experiments are showm in the same figure. On the 
basis of these and other experiments first J. Bjerrum (1882=) 
and later on Pergens (1903), Wolff berg (1910), Roelofs & Bie- 
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rens de Haan (1922) Hofmann (1925^4)^ Guillcrg (1931 
and Wilcox & Purdy (1933) have drawn the conclusion that 
there is no min. separabile which is independent of the size 
of the squares, in such a way that it may be the basis of a 
measurement of the visual acuity as a function of the size 
of the functional units in the retina (see p. 19). In analogy 


Pig. 1. 

The dependence of the min. 
separabile on size of square, the 
squares being illuminated from 
before. Calculated according 
to jtabfrt (1865 and Ho/mann 
{192i>«). 

Abscissa: the area of the retinal 
image of a square in 
sq. mm • 10-5-5 (log. 
scale). 

Ordinate: Minimum separabile 
in minutes of arc. 

While squares on 

black ground (ABierl) 
— _ — Black squares on v.'hi- 
te ground {Aubert) 

9 ^ a in dots on white 

10^^ ^ o /O' ground {Hofmann). 

area of retinal image (sq. mm) 

witli this these authors hold that all the properties of the min. 
separabile can be explained with reference to the conditions 
of visibility of the intermediate area between two ad- 
joining contours i. e. the differential threshold for the enclosed 
area in relation to the squares. It is thus seen that the con- 
dition which must be fulfilled in order that the space between 
two closely situated diffraction discs (see p. 15) the edges of 
which cover each other is visible, is that the intermediate 
space is perceptibly less illuminated than the centres of the 
diffraction discs. This is consistent with the fact which has 
often been ascertained that the intensity discrimination de- 
creases when the test area is diminished (see p. 10). 
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The conception of the niin. separable outlined here must 
in any case hold for the cases in which the space between 
two adjoining contours is less illuminated than the two areas 
separated, but not absolutely unilluminntcd, or, in other 
words, the illumination of the intermediate space exceeds 
the intensity threshold. The theory' cannot, however, be con- 
sidered to be valid in all enses ns it docs not hold for luminous 
points on dark ground. When this is nevertheless the generally 
accepted view (conf, c. g. Hofmann 1925*®) it is due to the 
assumption that two luminous points can be seen separately 
when the distance between them is so small that the correspon- 
ding diffraction discs partly cover each other on the retina. 
This, however, is definitely quite wrong (sec below), 

.Moreover it is usually overlooked that the edges of the 
diffraction discs in case of faint illumination must be assumed 
to be below the intensity threshold, so that the images perceived 
have .sharp boundaries. For this reason it will be 
feasible to consider the space between the 
retinal images of two faintly luminous points 
a .s u n i 1 1 urn i n a t c d, when the points can be re- 
cognized as separate, and the min. s e p a r a b i 1 c 
will then be a function of the size of the 
functional units. 

In sujiport of these considerations which have been pro- 
pounded by Bcri/cr & Ihichlhnl (1938 a), it was found by 
these authors and by Berger (1936 and 1939) that the min. 
separabile under certain experimental con- 
ditions is independent of the size of the 
object. Thus the min. separabile for luminous squares 
of threshold brightness on absolutely unilluminated back- 
ground and for light-adapted eye is constant (about 3 mi- 
nutes of arc, measured as the distance between adjoining sides 
of the .squares) until the retinal image of each square exceeds 
ISsq.p (length of side about 40 .seconds of arc) when tlie min. 
separabile gradually decreases numerically. The large min. 
.separabile for diminutive squares (>points«) is explained by 
the authors by assuming that the functional units each con- 
sists of a number (3 to 5) of transversely connected receptors 
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(cones). On account of the involuntary oscillating movements 
of the eye (for further details see p. 56) the retinal image 
must fall on various units successively, and the resulting min. 
separabile must therefore be considered as the resultant of 
a series of individual observations, and thus give an expression 
of the average diameter of the functional 
units, which must be assumed to vary in size. 

The diminishing of min. separabile willi increasing size 
of square is explained by the fact that statistically there is 
a greater chance of enclosing one of the smallest functional 
units between the adjoining sides of the squares. In conformity 
with this is was stated by Berger £ BuchthaVs subjects that 
when quite close to each other the squares were seen to be 
contiguous in some places and separate in others, the latter 



me nun. separunne is, nowever, siaiea lo oe inaepenaeni 
of the size of the test object not only in case of luminous 
squares on unilluminated ground but also in another case. It 
is thus reported by Berger (1939) that for absolutely un- 
illuminated squares on luminous ground of threshold 
brightness the min. separabile decreases with increasing size 
of square until it is appr. 1 minute of are and then it remains 
constant, a fact which indicates that there is now at least one 
of the functional units enclosed between the retinal images of 
the squares. This minimum value of the min. separabile is 
obtained when the side of the squares is more than 5 minutes 
of arc. 

In case of illumination from before on an other- 
wise unilluminated ground or in case of paper squares illu- 
minated from before it has not been possible to prove the min. 
separabile to be independent of the size of square in any 
range of measurement. Berger & Biichthal therefore conclude 
that the min. separabile for objects illuminated from before 
gives no indication of the size of the functional units, but 
only of the intensity discrimination. This explains 
the considerable difference between the results obtained by 
previous authors on one side and those of Berger & Buchthal 
on the other. 
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The theory about the importance of the intensity discri- 
mination in case of objects illuminated from before has also 
been substantiated by experiments carried out by Berger & 
Boje (1937) determining the min. separabile at va- 
rious oxygen tensions in the inspired air. 
Berger & Boje based their experiments on the assumption that a 
variation in the oxygen tension of the air would have much 
more influence on the central nervous system than on the 
peripheral organs (in this case the retina) . The authors further 
base their work on experiments by Gellhorn (1936) according 
to which the intensity discrimination for light is strongly de- 
pendent on the oxygen tension. Berger & Boje proved by their 
experiments that while a reduction of the oxygen tension had 
practically no influence on the min. separabile for luminous 
squares on unilluminated ground, the min. separabile for 
black squares on white ground illuminated from before in- 
creased rapidly under the same conditions. From this the con- 
clusion could be drawn that the extra centrally located factor, 
which appears in connection with illumination from before, 
is probably the intensity discrimination. 

As Berger & BuchthaVs experiments and theories seem to 
be of fundamental importance for the conception of the min. 
separabile and in a broader sense for the conception of visual 
acuity, and as the experiments have apparently not been veri- 
fied by others, it has been attempted to reproduce the most 
important experiments (see chapter IV) and to elaborate them 
on certain points. 

b. The dependence of the minimum separabile 

on the illumination. 

As it has already been suggested on page 19 it might be. 
expected that if the min. separabile was merely a function of 
the resolving power of the optical system of the eye and of 
the size of the functional units, it would be independent of 
the illumination. The functional units on which the space be- 
tween the two images of the object falls will either be illuminated 
below their intensity threshold (or unilluminated) and conse- 
quently inactive or be stimulated and active. If the intermediate 
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space is not illuminated above its intensity threshold then the 
min. separabile will be a function of the size of the func- 
tional units. If on the other hand the units in the intermediate 
space are stimulated, the differential threshold for 
the said units in relation to the units on which the images of 
the objects fall, will be exceeded when it is possible to recog- 
nize the objects as separate. When these facts are taken into 
consideration it is no wonder that investigations on the de- 
pendence of the min. separabile on the illumination have given 
results which are mutually inconsistent. 

Aiibcrt (1865^^®) who was one of the first to work on 
the min. separabile found that the min. separabile for squares 
illuminated from before decreased with increasing illu- 
mination. Atibert and Volkmann (1863 observed moreover 
that for fixed stars the opposite holds good. This difference 
has also been confirmed by later experiments, but the impor- 
tance of this fact has usually been underrated. In order to 
render the following representation more perspicuous the min. 
separabile for objects illuminated from before and for lumi- 
nous objects on unilluminated ground respectively will be dealt 
with separately. 

Objects illuminated from before. 

The most commonly used objects illuminated by borrowed 
light are squares or figures consisting of bars, black on white 
ground or vice versa (e. g. Tobias Mayer (1754), Aubert 
(1865 230)^ Helmholtz (1896^^25)^ Hecbt (1928), Klenowa (1935), 
Kravkov (1938)). We shall here leave out of account both the 
prong-figures used b)' Konig & Uhthoff (1886) whose experi- 
ments are often described as classical (a. o. by Hecht 1925) and 
test types. In both cases not only the part of the object to be 
resolved varies, but also the size of the whole object. Finally 
the visual acuity measured by reading letters is such a com- 
plicated function that it does not lend itself to this purpose 
(see p. 49) . 

It has usually been found for figures illuminated from 
before that min. separabile decreases when the illumination 
increases, but increases again when the illumination becomes 
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SO strong as to create a glare. This result must be taken with 
a certain reservation, as none of the authors have kept the 
eye of the subject constantly adapted during the experiment, 
but left the adaptation level to be determined by the illumi- 
nation of the test object. As the size of the pupil has not been 
controlled either, it is impossible to estimate the influence 
of the various variables on the result. If these objections are 
disregarded, and an attempt is made to explain the course of 
the curves found, it will be reasonable to adopt the theory, 
which has already been set forth, to the effect that the min. 
separabile for objects illuminated from before is a function 
of the intensity discrimination of the retina. 

According to Weber-Fechner's law the just perceptible 
difference in light intensity is a constant fraction of the total 
light intensity, or, in other words, the intensity discrimination 
is constant (see p. 7). 

If this law is assumed to hold good then the min. separabile, 
in the cases where it is an indication of the intensity discrimi- 
nation of the retinal area enclosed by the squares, should be 
independent of the intensity (see p. 23). As it has nevertheless 
often been found that for objects illuminated from before the 
min. separabile decreases uniformly with increasing illumina- 
tion, it has been necessary to explain this fact by simulta- 
neous boundary contrast [Hering 1925 ^®^, Hofmann 
1925^2) a subjective, possibly centrally located phenomenon 
about which experience has taught us that it becomes more 
manifest with increased illumination, but which at the same 
time is a phenomenon which it is difficult to measure quanti- 
tatively. 

The simultaneous contrast cannot, however, be used as an 
explanation in tlie present case as — according to Hering 
(1925 1^1) — the phenomenon disappears by careful fixation 
which is a necessary condition of experiments on the min. 
separabile. 

As ail explanation of the difference between the intensity 
discrimination and the dependence of the visual acuity on in- 
tensity it is alleged by Wright & Granit (1938 that the con- 
trast between the test object and the background is greater 
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when measurements of visual acuity are carried out, than 
when the differential threshold is determined. 

It is, however, doubtful whether such a difference in con- 
trast actually exists. This can be seen from the following: 

In order to compare the differential threshold with the min. 
separabile the former should be determined for a retinal area 
of the same size as the space between the twin objects used 
for the determination of the min. separabile, and as the light 
difference increases considerably (see p. 10) with decreasing 
size of object, the contrast should increase correspondingly. 

Weber-Feclmer’s law is valid, however, only for light in- 
tensities within a certain range, i. e. for a light-adapted eye 
not exposed to glare, provided that the test object solely 
determines the state of adaptation and is sufficiently large 
to do so. For higher and especially lower light intersities the 
difference in light intensity must constitute a steadily increasing 
fraction of the total intensity to be recognizable. The in- 
tensity discrimination of the eye thus varies with the light 
intensity of the adaptation field, and for objects illuminated 
from before it can probably explain the diminution of the min. 
separabile when the adaptation illumination increases {Lxjth- 
goe 1932). 

Luminous objects on unilluminated 
ground. 

Although there is no obvious reason for considering lumi- 
nous points to be less suitable test objects than squares or 
even letters illuminated from before, it has nevertheless up to 
recent years usually been omitted to investigate the min. se- 
parabile for luminous points, and only objects illuminated from 
before have been used when dealing with the variation of the 
visual acuity with the light intensity (e, g. Konig & Uhthoff 
(1886), Klenowa (1935), Anthonisen (1936), Kravkov (1938)). 
On the basis of such investigations it is therefore often held 
to be established that the visual acuity always varies 
in the same way witli the illumination whether the visual 
acuity is measured by the min. separabile by means of objects 
illuminated from before or by means of luminous objects on 
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dark ground. Both Aubert's (1865 and Volkmaim’s 
(1863®®) observations of the min. separabile for fixed stars 
as well as some recent investigations show that this is, how- 
ever, not the case. 

In 1932 it was proved by Wilcox that the variation of 
the min. separabile with the illumination differs according to 
the test object employed. 

While the min. separabile for two dark lines on luminous 
ground steadily decreased with increasing light intensity of 
the ground he found that the min. separabile for the reverse 
object (luminous slits in a dark field) with increasing light 
intensity decreased only until it reached an optimum of about 
one minute of arc at medium intensity and after that again 
increased. 

By corresponding experiments on the min. separabile for 
somewhat smaller objects (squares) Berger (1939) — like Wr7- 
cox — found that the min. separabile for dark squares on 
luminous ground decreased steadily with increasing intensity 
of the ground. But for luminous squares on unilluminated 
ground Berger & Buchthal (1938 a) and Berger (1939) could 
not ascertain any reduction of the min. separabile with in- 
creased retinal illumination, on the contrary they found a 
uniform increase of the min. separabile in 
the whole range from threshold intensity to 
glare. Corresponding results have been obtained by van 
Heaven (1937) probably with a somewhat smaller range of 
measurement. 

And finally Hecht & Mintz (1939) have determined the 
visibility of an opaque thread on a luminous circular ground 
(angular diameter about 14°) at various light intensities, in 
other words, they have determined the min. separabile for two 
large semi-circular areas. For this object the min. separabile 
diminished with increased light intensity. 

Three different results have thus been obtained from ex- 
periments on the min. separabile for two luminous areas se- 
parated by a dark stripe. When the method employed is consi- 
dered more closely it appears, however, that both Wilcox and 
Hecht during their experiments have varied at least two experi- 
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mental conditions at the same time, so that it is difficult to 
deduce anything from the results. It may thus be held against 
the method used both by Wilcox and Hecht that the experiments 
have not been carried out with constantly 
light-adapted eye. Both autliors leave the state of ad- 
aptation — as Konig & Vhthoff (1886), Kravkov (1933 and 
1938), Klenowa (1935) and Shlaer (1937) — to depend on the 
light intensity of the test object, i. e. they vary, the adaptation 
level of the eye and the light intensity of the test object si- 
multaneously during the experiments. For this reason a quan- 
titative estimate of the influence of the latter variable cannot 
be made. 

Hecht & Mintz do not use an » artificial pupil« and justifies 
this by referring to investigations by Berger & Buchtlial (1938 a) 
which are supposed to prove that the min. separabile is in-' 
dependent of tlie diameter of the pupil if only this is above 
1 mm. This, however, is not correct. Berger & Buchthal have 
certainly proved this fact, but only for threshold 
brightness or constant illumination of the 
retina, while for constant intensity of the test object the 
min. separabile diminishes rapidly with reduced pupillary size 
(reduced retinal illumination). It is therefore probable that 
with Hecht’s apparatus there is a simultaneous variation of 
the adaptation level, the light intensity of the test object and 
the pupillary size, without it being possible to distinguish the 
influence of one factor on the experimental results from that 
of the others. 

In their discussion of Wilcox’s experiments Hecht & Wald 
(1933 — 34) attempt to deny that Wilcox has investigated the 
visual acuity through his experiments "with luminous slits as 
the intensity of retinal images of such small dimensions (an- 
gular measurement 20’ by 2’22”) cannot be considered to be 
expressive of the retinal illumination as a whole, for which 
reason the function investigated by Wilcox is merely assumed 
to be a phenomenon caused by glare. This argument does not, 
however, hold, as it has never been ascertained that the image 
of a test object for determining the visual acuity must cover 
a large part of the retina. On the contrary it is usually con- 



CENTRAL AND INDIRECT VISION 


31 


sidered a matter of course to use objects the images of which 
fall within the limits of the fovea. 

It appears for the above reasons that neither HechVs nor 
Wilcoxes results are directly comparable with those of Berger 
& Buchthal, as the experiments made by the latter were car- 
ried out with constant light adaptation and with an * artificial 
pupil*. It cannot be taken for granted, however, that the above 
facts alone can account for the different results, as possibly the 
highly different visual angles of the test objects employed may 
be of importance. (Berger & BuchthaVs test object was lu- 
minous squares of 40” by 40” or 64’ by 64’, Wilcox used 
luminous slits, the dimensions of which were 20’ by 2’20”, 
and Hecht’s object was an opaque thread on luminous ground 
of 14‘). 

The test objects used by both Wilcox and Hecbt & Mintz 
are so large that the min, separabile approaches to or is smal- 
ler than the resolving power of the optical system of the eye 
(almost 1’). In that case the min. separabile can only be a 
function of the intensity discrimination, and the curve re- 
presents the dependence of the differential threshold on the 
illumination. The smallest min. separabile found by Hecht & 
Mintz is 0.5 seconds of arc, a value corresponding to a calcu- 
lated differential threshold of 1.17 per cent. 

As it appears from the foregoing it is not possible to base 
anything on the results obtained by Wilcox and Hecht & 
Mintz, consequently we have only Berger & BuchthaVs expe- 
riments from which conclusions can be drawn. On a first 
consideration of these it seems as if the results of the experi- 
ments are at variance with the theory that for luminous squares 
on unilluminated ground the min. separabile is independent 
of the intensity of the light. The dependence found is, how- 
ever, easily explained as being caused by the change in size 
of the image of the square which is due to the dispersion 
of light in the eye. The geometrical-optical path of the 
rays are the same at low and high light intensities, but it is a 
well knovm fact that when the light passes through refractive 
media a dispersion takes place (Hering 1925, so that the 
contours of the images become less definite and, in case of 
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high light intensity, the boundary lines between illuminated 
and unilluminated retinal areas will be displaced reducing the 
size of the unilluminated areas, so that the apparent size 
of luminous objects is increased. This dispersion of 
the light is more pronounced the more darkadapted the ej'e is. 
This fact is usually explained by means of the phenomenon 
^simultaneous boundary contrast*, which according to expe- 
rience is most pronounced during light adaptation, and so to 
speak maintains a constant » fight* with the dispersion of the 
light — the explanation is not quite sufficient however. 

The dispersion of the light can on the whole explain the 
results obtained by Berger & Buchthal and Berger both for 
luminous and unilluminaled squares in the following manner. 
When the light intensil}’ .is increased the boundarj’^ between 
the images of the squares and the intermediate space will be 
displaced in the direction of the unilluminated retinal areas. 
Tlius the unilluminated gap between the luminous squares 
will become narrower, and the distance between the squares 
must be increased if they are to appear discrete. The opposite 
holds for unilluminated squares on luminous ground, so that 
in both cases the absolute width of the retinal 
intermediate space which conditions the re- 
cognition of the min, separabile is indepen- 
dent of the intensity of the light. (Berger & Buch- 
thal 1938 a, Berger 1939). This is in confirmit^^ witli the 
theory that the min. separabile in this case is a function of 
the size of the functional units. 

Also Wilcox (1932, 1936) explains his results by means of 
the dispersion of the light in the eye, but, as it was shown by 
Kravkov (1933), the theory does not seem to agree witli the 
result obtained by Wilcox that the min. separabile for two 
luminous slits with growing light intensity first decreases and 
then increases. 

Berger & Buchthal (1938 a) explain this discrepancy by 
assuming that during Wilcox’ experiments the back ground 
of tlie slits have not been absolutely unilluminated. 

In the foregoing the influence of the intensity discrimination 
and the dispersion of the light in the refractive media on the 
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min. separabile with varying illuminalion. has been discussed. 
Theoretically a third factor could be of importance: an al- 
teration in size of the functional units or 
their number per unit of area conditioned by 
the intensity. 

Thus Broca (1001) has propounded the theory that when 
the illumination is increased the outer segments of the cones 
is compressed by migrating pigment. Assuming that only the 
outer segments of the cones are light-sensitive then the 
images of two point sources would be able to approach each 
other more on the retina without stimulating the intermediate 
unilluminaled cone. However, Broca seems to have overlooked 
the fact that not only the diameter of the individual receptor 
cell but also the intermediate substance must be included when 
speaking of the size of the receptor units, so that the decisive 
figure is the number per unit of area or per unit of length. 

In 1925 Hcchl advanced another theory which was in- 
tended to explain the dependence of the intensity discrimina- 
tion and consequently of the visual acuity on the intensity, 
f/cc/if assumes that the individual sensitivity of the foveal co- 
ne.s within the same area varies considerably, according to 
the normal law of variation. For each perceptible increase in 
the illumination a further number of cones will be stimulated 
above their individual threshold and start sending impulses 
cenlripetally, and with increased illuminalion all the cones will 
thus gradually go into action. Hereby the number of active 
units per unit of area will increase and the min. separabile 
decrease. 

This theory has been repeated in a number of HechVs later 
papers (1928, HccM & Wolf 1929, liccht 1930 and 1931, Hecht 
<£ IVaZd 1934, Hecht, 1935, 1936) and has caused some discus- 
sion. It is thus maintained by Wilcox & Purdy (1933) that 
dark spots corresponding to inactive units are never seen on 
a luminous ground, and that a dark point on luminous ground 
is always perceived as circular (ref. however pp. 178 and 
179). It is further stated by Wright & Granit (1938,®'*) that 
HechVs theory does not take into account the rise in frequency 
of the responses from the cones already stimulated, and that 

3 
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it requires a considerable difference between the individual 
thresholds of the cones, which is not in conformity with the 
results obtained from electro-physiological experiments. And 
finally it must be assumed that the neurones inserted between 
the cones and the cerebral cortex adjust differences in intensity 
thresholds, if any. 

While Hecht seems to assume that the intensity threshold 
of the individual unit is constant, but varies considerably from 
one unit to the next, several authors (Bartley 1937, and 1939, 
Berger & Buchthal 1938 b, Granit 1941a) have lately pointed 
out that the individual unit is probably the seat of a spon- 
taneous alternating or rotating activity con- 
sisting of one active, one absolutely and one relatively refrac- 
tory period. 

(In one of his later papers (1939) Hecht certainly states that he 
has always imagined this possibility, but from a previous paper 
(Hecht & Wolf 1929) the following may be quoted. wWe frankly 
incline towards the fixed threshold interpretation, largely because 
it seems unlikely to us that a given cell can vary in its threshold 
from moment to moment over such a very large range of illumi- 
nation((.) 


The first authors to prove the alternating activity of the 
retinal units were Granit & Therman (1935), who found that 
when the retina was stimulated by intermittent light only every 
second flash of light would — under certain conditions — 
cause fluctuations of potential in the electro-relinogram. Any 
further explanation of the phenomenon was not given. In 1937 
Granit & Munsterhjelm supplemented the observation with 
new experiments and were now able to prove the alternating 
activity of the units, which they termed » switchboard effect^. 

(»The switchboard effect shows that there is a number of alter- 
native pathways or couplings of pathways from the entrance station 
in the receptor to the optic nerve. This conclusion is independent of 
whether the switchboard effect is a normal or a pathological process. 
The mechanism whereby sometimes one, sometimes another circuit 
is )>switched on« can hardly be localized elsewhere than in the neu- 
rones between the receptor and the optic nerve. It is, of course, not 
necessary to represent the functional mosaic of different types of 
nerve responses dr electrical component potentials or a pattern o 
stable units with different properties. The secret of the problem 
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may lie in the switchboard effect being itself capable of providing 
different types of responses , by suitably coupling units differing very 
little from one another.«) 

In the same year (1937) and later on in 1939 H. S. Bartley 
also published some electro-physiological experiments by 
means of which phenomena, that could only be explained by 
an alternating function of parallel units in the stimulated re- 
tinal area, could be traced. Bartley therefore assumed that for 
a certain retinal area there must be multiple pathways from 
the sensory cells to the cortex, in any case for part of the way. 

The first to correlate the theorj'^ of the alternating activity 
of the retinal units with results of sense-physiological measure- 
ments were Berger & Buchthal (1938 b). Experiments on the 
form sense proved that in order to perceive the angularity of 
a polygon it w'as necessary that the retinal image (with thres- 
hold illumination) fell on about three times as many retinal 
units as calculated (see p. 41). (According to Berger & Bucli- 
thaVs previous experiments (1938 a) on the min. separabile 
each unit was assumed to consist of 2 — 3 cones). 

This could only be explained by the assumption that at 
any time only about one third of the units stimulated were 
active while the remainder w^ere refractory. It must be assumed 
that the individual unit while being continously stimulated 
alternates between a slate of responsiveness and a refractory 
period. As it was also found that the form sense improved with 
increasing light intensity of the test object, whether this 
was luminous on an unilluminated ground or 
the opposite, Berger & Buchthal were of the opinion that 
this dependence could best be explained by assuming that with 
an increased illumination the units are stimulated earlier in 
their relatively refractory period so that more units per unit 
of time and area are active. 

These authors did not employ this theory as an explana- 
tion of the dependence of the min. separabile on the intensity, 
as all the phenomena shown could be explained solely by the 
dispersion of the light in the refractive media, with two excep- 
tions, however. 

One exception is due to the observation that the min. sepa- 
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rabile for luminous squares on unilluminated ground increased 
with increasing intensity at a rate which was higher than the 
one at which the min. scparabile for unilluminated squares 
on luminous ground decreased. This was explained by the 
assumption that the aberration phenomena set up by the re- 
fractive media and their imperfections are less visible with 
unilluminated squares than with luminous squares, because 
the larger luminous surface of the former would give a stron- 
ger scattered illumination of the retina in relation to which 
the less luminous aberration phenomena would recede. In con- 
formity with this it was found that the min. scparabile for 
large luminous squares did not increase so much with in- 
creasing illumination as the min. scparabile for small squares. 

The other exception is constituted by the fact that the min. 
scparabile for luminous as w'ell as for unilluminated squares 
decreases if a luminous frame is placed round 
the luminous squares at some distance from them or 
if the size of the luminous ground on which the dark squares 
arc placed is increased. The only e.xpIanation of this strange 
phenomenon which Berger (1939) could offer was to suggest 
a possible » variation in the sensitivity of the organ as a whole*. 

As, however, the min. scparabile with Berger’s experimental 
method is supposed to be independent of variations in the in- 
tensity discrimination of the eye (vide p. 25), it would be 
more natural to assume that the phenomenon in question is 
due to the fact that the illumination of a retinal area may cause 
a shortening — provoked by a peripherally or centrally located 
process — of the refractory period of the functional units over 
a larger field, (conf, electro-physiological experiments on inter- 
action be’lween separated areas e. g. Graham & Granit 1931). 


3. Perception of Movement. 

It is mentioned on page 5 that under suitable conditions 
the perception of in'ovement will be a function of the physio- 
logical resolving power. This is rendered quite obvious by a 
closer study of the simplest conditions of perception of move- 
ment by a visual organ. While a single sensory cell will be 
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unable to record the movement of a constant light source in 
the Ausual field, and only means of successive relative light 
impressions be able to give any information with regard to 
the distance of the light source, a sensory organ consisting of 
only two sensory cells will be able to record a movement when 
the cells are successivelj'^ stimulated, just as they — as previ- 
ously mentioned — would be able to impart to the individual 
a certain one-dimensional spatial orientation. Only when the 
visual organ consists of a larger number of units distributed 
over a surface will it be able to perceive the position of an 
object in two dimensions and it will be possible to determine 
whether the object is at rest or moving in a plane perpendi- 
cular to the inlsual axis. 

The condition which must be fulfilled in order tliat the 
movement of a moving object is not observed is that all stimu- 
lated units are being constantlj’ stimulated. If the movements 
of the image of the object are so small that no units are stimu- 
lated above their successive differential thresholds it will be 
impossible to perceive the movement. As the successive inten- 
sity discrimination depends on the speed with which the inten- 
sity varies, a movement may be so slow that it will be impos- 
sible to recognize it; just as an oscillating movement in case 
of sufficiently high frequency may give a constant immobile 
image. If we imagine a point image to be oscillating with 
medium frequency*’) on a surface of receptor units, the move- 
ment will not be recorded as long as the whole movement 
takes place within the same unit. Perception will only be 
possible when the excursion has reached such a size that the 
image during its movement strikes a neighbouring unit so that 
this is stimulated above its differential threshold. If 
the image corresponds to a luminous point of thres- 
hold brightness on unilluminated ground then its move- 
ment will only be observed when a neighbouring unit is sti- 

*) According to Stratton (1900) and Easier (1908) the frequency has 
no influence on the perception of -movement when it is kept 
vithin certain limits (about IV 2 — 3 times to and fro per second). 
In case of lower frequency it is difficult to observe the move- 
ment and when the frequency is above 3.5 flicker will arise and 
disturb the observation. 
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mulaled above its intensity threshold. At the same 
time as the neighbouring unit is ilhnninated the image will 
leave the unit originally stimulated, so that this will be sti- 
mulated below its threshold. The movement must thus be of 
the same magnitude as the diameter of one functional unit in 
order to be recognizable. 

If these theoretical considerations are to be applied to 
human vision a certain regard must be paid to the involuntary 
movements of the eye. Even with the most careful fixation the 
eye will perform both small oscillating movements over an 
angle of the same magnitude as a cone and with a frequency 
of about 70 per second, and also some less frequent, larger 
excursions, displacing the centre of the image on the retina 
(see p. 56). 

It should be expected that at any rate the latter larger 
movements would give a subjective impression of movement. 
It is quite probable, but so far not proved, that this explains 
the fact that a carefully fixated luminous point on unillumi- 
nated ground often appears to be moving. 

If an attempt shall be made at calculating the size of the 
oscillating movement which must be performed by a luminous 
point of threshold brightness for the movement to be per- 
ceptible with central vision, it is necessary to know the oscil- 
lation of the eye (about 30 seconds of arc in both directions 
from the start position), the diameter of the retinal image, 
which can be estimated at about 60 seconds of arc (conf. 
p. 56), and the diameter of the functional units which, ac- 
cording to Berger & Buchthal (1938 a), may be estimated at 
200 seconds of arc. According to this the retinal image will 
on account of the oscillation of the eye travel over a total di- 
stance of 120 seconds of arc so that an additional movement 
of the object of above 80 seconds of arc will have the effect 
that the image on an average stimulates more than one 
functional unit, so that the frequency of the movement of the 
object becomes recognizable. In case of a somewhat smaller 
excursion it may be possible to observe movement, but not of 
the same frequency. Not until the movement of the image is 
still smaller wdll the image .seem definitely immobile. 
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Of experimenlal results fairly comparable with the above 
calculation only one, published by Easier (1908), is found in 
the literature. The object employed is a luminous square (52 
by 52 sec. of arc) bn unilluminated ground. For two subjects 
the smallest movement which can be recognized is stated to be 
75 and 115 sec. of arc respectively with central vision, which 
is sufficiently consistent with the calculated value. As Basler’s 
experiments were performed with dark-adapted eye and con- 
sequently with uncertain fixation some similar experiments but 
in reliable light adaptation have been carried out in order to 
test the validity of the calculations given above (vide chap- 
ter V). 

For larger objects (a luminous slit, width 52” by 8’40” 
length) Easier states the threshold for visible movements to 
be less than for a luminous point (60”) . 

If the surrounds of the object are not homogenous or un- 
illuminated, but give rise to successive estimation of distances 
between the object and details of the surroundings, even smal- 
ler movements can be perceived (5” Stratton (1902), 20” Eas- 
ier (1906)). In this case it is quite impossible to analyse the 
theoretical basis, and this is even more true if the moving 
object does not maintain its distance from the eye, but ap- 
proaches or recedes and thereby alters its visual angle. As the 
thresholds are so low that they cannot be compared with the 
size of the functional units the intensity discrimination must 
presumably have some influence. 

As a special instance of perception of movement it may be men- 
tioned that one-eyed persons by means of the »mon ocular 
stereoscopic vision® are able to train their ability to estimate 
distances so well' that they are able f. inst. to play lawn tennis. It 
must be assumed that one of the essential reasons why this is pos- 
sible, is the conception — acquired by practice. — of the apparent 
size of the moving object (the tennis ball) at various distances from 
the eye. Among other important factors the movement of the ball 
in relation to the background (the parallax) and the sensation of 
accommodation may be mentioned. 
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4. Form Sen^e. 

The form sense is here defined as the abi- 
lity. to recognize the primitive contours of 
objects in the monocular visual field. 

' When using this definition as a basis it must be considered 
unfortunate to use the term form sense as synonymous with 
the visual acuity measured by reading letters as Hofmann 
(1925, 27) oj. vvith visual acuity generally as it is done 

f. ihst. by Dobrowolsky & Gaine (1876a), Bjerrum (1882, i), 
Adler (19M) , Duke-Elder (1938, 

When examining the relation between the form sense and 
the retinal mosaic it will be natural to determine the smallest 
retinal image allowing perception of form. Any object seen 
under a minimum visual angle will be seen as a »point«. 
Edges and prominences — if any — ; will only be seen under 
a larger visual angle. The simplest way of determining the form 
sense will thus be to determine the minimum visual angle at 
which a polygon could just be perceived to be angular or the 
maximum angle at which it is still perceived as circular. The 
number of functional units which the image of a regular poly- 
gon must cover for the figure to be seen as a polygon cannot 
be seen immediately, but it is obvious — as it Avas also pointed 
out bj^ Berger & Buchthal (1938 b) — that two angles must not 
fall oh the same unit. 

It is in any case certain that perception of form must be 
impossible if the polygon is smaller, but the condition with 
regard to the size of the polygon stipulated by Berger & Buch- 
thal is hardly sufficient, as the observation of the angularity 
of the figure will be’ uncertain. It can thus hardly be imagined 
that itds possible to recognize the difference between a triangle 
and a circular figure, both stimulating three units. The circle 
would probably now and then take on an irregular angular 
shape (conf. p. ,178) but it would not be possible to determine 
Avhether the figure Avas angular until the side of the polygon 
Avas of such a length that its mid-point could be seen to be 
on the same line as the adjoining angles. In order to fulfill 
this condition the side of the polygon must be ^ 2 times the 
min. separabile for luminous points on unilluminated ground 
(i. e. ^ 2 times the average diameter of the functional units). 
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According to this the form sense should be placed in the system 
as a measurement of the physiological resolving power, with 
one reservation, however. Another factor besides the length 
of the sides of the polygon is the number of sides or ratio 
between the magnitude of the angles of the polygon and tlie 
length of the adjoining sides (GuiUery 1899); this is especially 
true of many-sided polygons, and the importance of this factor 
is difficult to estimate in advance. 

By experiments with luminous polygons on unilluminated 
ground or vice versa Berger & Buchthal (1938 b) found that 
in order to make it possible to recognize the angularity of the 
figure at threshold brightness the retinal image of the polygon 
must cover about 3 times as many functional units as cal- 
culated (if each angle were to fall on a separate unit). The 
explanation is to be found (as mentioned on p. 35) in the as- 
.sumption of an alternating activity of the units, so that only 
one third of these are responsive at the same time. In the same 
paper it is stated that the form sense is better in case the light 
intensity of the test object is high than if it is low, both for 
luminous objects on unilluminaled ground and vice versa, 
probably because the units are stimulated at an earlier stage 
of the relatively refractory period in case of high intensity. 

In order to estimate the importance which can be assigned 
to the theory about the alternating activity of the functional 
units if the side of the polygon must be ^ 2 times the min. 
separabile, the size of the retinal image could be calculated 
from the experimental results obtained by Berger & Buch- 
thal. If a square is to appear as an angular figure its length 
of side at threshold brightness must be 7.9 min. of arc 
(39 p) for a luminous square and 7.6 min. of arc (37 p) for 
an unilluminated square on luminous ground. As the min. 
separabile (luminous points on unilluminated ground) for the 
same subjects (Berger & Buchthal 1938 a) is about 3 min. of 
arc, the value of the length of side is thus about 1.7 min. of arc 
larger than the calculated minimum value. It is thus impos- 
sible to thoroughly explain the results except by means of the 
theory about alternating acticity, but they should be verified 
by new experiments (vide chapter VI). 
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U. Complex Functions. 

In the foregoing an analysis of the sense of vision into its 
main components has been carried out. the relations between 
a series of relatively simple partial functions having been 
established. Besides these there arc three functions: the aligning 
power, the ability to discriminate thickne.ss of line and the 
visual acuity measured by recognition of letters, which, be- 
cause of their complicated nature, so to speak » originates* from 
several functions. These complex functions are often used 
when measuring the visual acuity'*) both for central and indi- 
rect vision, as they are generally considered good indications 
of this. On account of their wide theoretical and practical im- 
portance they will be dealt with in detail in the following. 

I. Aligninj; Power. 

By the a I i g n i n g p o w e r (Unterschiedsempfindlich* 
keit fiir Lagen, Raumschwelle (Hofmnnix 1025 ^®)) we 

understand the ability to recognize whether 
two lines are in alignment — j u .s 1 as when 
reading a vernier. 

The aligning power can be indicated by the reciprocal 
value of the minimum displacement of the line.s which can 
be recognized — >the displacement threshold* 
expressed in vi.sual angle. According to all available in%-esti- 
gations (Hofmann 1025 (he displacement threshold is much 
smaller than the min. .separabile. values from 10" — 12" (Wul- 
fing 1892) down to 5" (Stratton 1902) being given for it, and 
with regard to magnitude it is only comparable to the thre- 
shold for just perceptiiile movement when using a large test 
object illuminated from before. 

As a physiological basis of the displacement threshold 
fing assumed that the contours had to be displaced as much 
as tlie width of one functional unit. This theory wms repu- 
diated by Hering (1899) and Hofmann (1925 ff.) ^ho — 
basing his theory on a schematic retina consisting of regular 

*) here taken to mean: wthc accuracy of spatial observation in the 
plane visual field« (Guillcry 1931 ’si). 
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hexagons — assumed that the condition which must be ful- 
filled for a displacement to be recognizable, was that the outer 
parts of some new cones were stimulated. This could explain 
the visibility of a displacement which is a fraction of the width 
of a cone. The fact that equally large displacements could 
occur on the same schematical retina without stimulating new 
cones was explained away by stating that such cases — on 
account of the involuntary movements of the eye — would 
only be temporary. 

With our present knowledge of the involuntary oscillating 
movements of the eye (vide p. 56) the conception outlined is 
too schematic as the frequency of the oscillations of the eye 
is about 70 per second and the excursion about 30 sec. of arc 
from the mean position, so that the perceived image must 
alwaj's be considered to be the average of a continuous series 
of instantaneous images. 

Instead of the earlier theories about the physiological basis 
of the displacement threshold the following may be stated: 

When two contours arc in alignment the boundary line 
between illuminated and unilluminaled retina falls on one long 
row of cones. 

When one contour is displaced one half of the row of cones 
will be exposed to an illumination different from that of the 
other half part, and when this difference exceeds the threshold 
of the intensity discrimination it will be possible 
to recognize the displacement.*) The two halves of the row 
of cones in question may f. inst. be compared to two long and 
very narrow photometer-fields adjoining each other endwise. 
According to this the aligning power should be a function of 
the simultaneous intensity discrimination of the eye. There are, 
however, two reasons whv’ the aligning pover is not — like the 
intensity discrimination — independent of the fineness of the 
receptor mosaic. Firstly the form sense is a necessary condition 
of the aligning power, as each of the two contours must be re- 
cognized as being oblong before there can be any question of 

*’) According to Hartridgc (1922) a displacement of the contours of 
II sec. of arc will alter the illumination of one half of the row 
of cones by about 32 per cent. 
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aligning power. When the conlouns arc sufficiently short the 
smallest perceptible displacement will he equal to the min. 
separabile if the test object is a slit or line. Secondly it is 
obvious that for the same discrimination factor (in per cent) 
(vide p. 6) the displacement thrc.shold will be smaller for small 
functional units than for large ones. 


tJ. Discrimination oT Thicicness oX Dine. 

When two .slits or lines arc in alignment and the width of 
one of them is altered the smallest perceptible increase or 
decrease of thickness can he used ns a measurement of the 
ability of the eye to discriminate thickness of line. The dis- 
crimination of thickness of line has been tiscd as a measure- 
ment of the visual acuity by Adler & Mcijcr (1035) (vide table 
XV p. 169). However, it will hardly be fortunate to use this 
function as a general measurement of the visual acuity, as it 
merely concerns a single aspect of the ability of the eye to 
perceive details in the visual field. 

The physiological basis of the recognition of an increase in 
thickness must presumably be, that the eye on comparing the 
two half parts of the slit, without judging the absolute thick- 
ness or the displacement of the contours, determines which 
is the brightest. 

This assumption is confirmed by the observation that, if the 
light intensity of one half of the luminous slit is reduced, the 
said half part will seem narrower than the other. In this con- 
nection it may further be mentioned that according to Rubin 
(1915,^®®) the width of »lines without Ihickncsse*') (abt. 30 
sec. of arc wide) can only be estimated by the varying » grey- 
ness « of the lines. 

This means that discrimination of thickness of line, just as 
the aligning power, is a function of the simultaneous intensity 
discrimination, and just as it is the case with the aligning 


*) a »line without thickness« is a psychological term for a line the 
thiekness of wdiich is not perceptible, a line so delicate that it 
IS not possible alternatively to fixate the right and left border 
of the line. 
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power the oblong shape of the slits must be recognizable, the 
form sense must thus be fulfilled, in order to render a reading 
possible. But in contradistinction to the aligning power the 
discrimination of the width of the slit will be independent of 
the fineness of the retinal mosaic, as the threshold read is not 
the contour displacement, but a direct comparison between 
two light intensities. Whether the view outlined here can hold 
will be examined further in chapter VIII. 


3. Visual Acnity as Measured by Recoguition of IiCtters. 

By this we understand the ability to recognize and read 
letters correctly (in the following called by its other name: 
the minimum 1 e g i b i 1 e) . 

As nowadays \isual acuity is always measured clinically 
by the ability to read letters or similar figures, it would be 
natural to define the clinical visual acuity as being identical 
witli the min. legibile. In physiological and ophthalmological 
text-books the visual acuity is nevertheless often defined as the 
ability to recognize two points as separated, with the addition 
that this ability is measured by reading letters (Heine 
(1915 Hartricige (1936 J, W. Nordenson (1936 
Olmsted (1938 2°®), Ronne (1940 ®)). It is thus assumed that 
the min. legibile is a function of the min. separabile and con- 
sequently of the magnitude of the retinal units, and this is 
the conception which was accepted by the French Ophthalmo- 
logical Society in 1904. 

In the course of time numerous objections — all to the 
effect that the physiological basis of the min. legibile is rather 
complicated — has been raised against this view. 

Already Snellen (1874 emphasizes, that the unit, 1 minut 
of arc, suggested by him and on the basis of which his test 
t 3 'pes are designed, has been chosen arbitrarily. The sole justi- 
fication for this choice is that letters the details of which are 
1 min. of arc wide and the total size of which are 5 by 5 
min. of arc can be read correctly by most normal ej’^es. 
Thus Snellen did not consider the min. separabile to be 
the basis of the min. legibile, as it is stated by Adler (1934). 



vi()(io (:i,RMMr:.sp.K 


4f) 

II is nlso pointed out by Carl Hexa (in the report from the 
International Coininiltee on Uniform Determination of Visual 
Acuity 1f)09) that the visjial acuity defined ns the ability to 
recoRnize the separateness of two points, ran only he examined 
by means of test ol)jeets consistiiif^ of two fioint.s, while tfic 
visual acuity ns measured by recof?nilion of letters must he 
measured by means of suitable lest types, because the reading 
of letters is coiiditioned not otdy by the inin, separabile hut 
also by other factors, especially the aligning ]>nwer (die Beur* 
theilung von Lagevcrschicdenheiten) . It is therefore impos* 
sible" to stale the influence exercised by light sense, space sense 
and form sense respectively on the recognition of test typos. 
When nevertheless llie min. legihile should not he rejected as 
an indication of the visual acuity in practice, it is because of 
its great clinical applic;ihility, hut it is necessary to realize tlud 
by means of this method something else is measured than by 
means of two points (Hess). 

Although Hess rejects the min. separabile as the sole basis 
of the min. Icgibilc, he states, however, that experience shows 
that two points can he recognized as separate when the di- 
stance between them is one minute of arc. 

If this was the case it would not be necessary to assume 
that the aligning power had any influence on the reading of 
letters with details subtending 1 minute of arc. It appears, 
however, from experiments made by Aubert (1865 and 
Hofmann (1925 32) that the min. separabile for black dots 
or squares with a length of side (diameter) of 1 minute of 
arc on while ground and illuminated from before is about 
3 min. of arc and. 4-5 min. of arc respectively when the illu- 
mination is good. 

As the min. legihile is thus belter tlian it would be if based 
on the min. separabile only, Hess's idea with regard to the 
importance of the aligning power would seem justified. As , it 
will appear from page 48 the aligning power does not, how- 
ever, seem to play any part in this connection. 

Even in case of a simple figure like LandoWs broken ring 
the reading of the position of the gap does not seem to be 
conditioned by the min. separabile for the ends of the ring. 



CENTRAL AND INDIRECT VISION 


47 


If this was the case the part of the ring opposite the gap would 
be of no importance, which is not consistent with actual facts. 
On the contrary Pergcns (1901 and 1902) and Guillery (1905) 
have shown by experiments that e. g. the width of the ring at 
this place is of great importance for the reading of the figure. 
It must consequently be as.sumed that the subjective criterion 
for the position of the gap is the fact that the circle is 
brightest here, that is, a direct dependence on the intensity 
discrimination. 

When it is a question of reading letters of the alphabet it 
is even more difficult to analj'ze the conditions of legibility. 
It is a well known fact that the legibility of the various let- 
ters in the same line on 5nc//cn’.v lest chart is very different. 
Some letters c. g. V. A and L have such a characteristic shape, 
that they can be read at a greater distance than others as P 
and F, R and B. This difference in the legibility of the letters 
within one line is considered undesirable by many, who pro- 
pose test charts with equally legible figures, symbols or letters 
(C. Hess 1909, J. IV’. Nordenson 1942). 

This particular difference in the legibility may, however, 
be an advantage, as the transition to the reading of smaller 
letters — which otherwise often requires a certain pressure on 
the part of the examiner — is made easier for the subject. 

//. Ronne (1940, ^) emphasizes the fact that the letter which 
is most difficult to read in each line of Snellen’s test chart has 
the same legibility as the easiest letter in the following line, 
so that the physiological distance between all the lines is the 
same, and the distance between the lines corresponds to the 
experimental error. 

If it is preferred that the letters in the same line are of 
different legibility, then easy and difficult letters must occur 
equally often in the same line and all lines must have the 
same number of letters, which is never the case on the usual 
charts. 

As anybody, who is experienced in determinations of the 
min. legibile on patients will know, the min. legibile is clearly 
dependent on the intelligence of the patient and the training 
he has in this examination, probably also on his ability and 
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inclination to make guesses. It is u very important quality 
of objects consisting in letters and figures that the correct 
recognition is very much dependent on the » recollected image* 
(i. e. the psychological after-effects of letters seen previously). 
Thus the letter A will he rccogni/.ed by means of its spcci.al 
shape even if it is .so small that the cross bar cannot be seen 
clearly. If the subject knows that he may possibly be con- 
fronted with (he Greek letter A, then (he letter must be larger 
in order to render (he recognition certain. Or e.xprc.sscd other- 
wise: When investigating the min. scparabilc the subject is 
told to register the point at which the two squares arc clearly 
seen as separate, but when determining the min. legibile he is 
not required to be quite certain of the existence of the cross 
bar before he registers the letter A. The same directions will 
be given to the subject M'hcn using Landolt’s broken ring as 
Avhen determining the min. separahilo. Consequently experi- 
ments with Landolt’s broken ring cannot be considered erjui- 
valenl to determinations of (he min. legibile proper. 

The influence of the « recollected image* was inve,stigatcd 
experimentally by Kreiker (1923) who found that the min. 
legibile was 130 per cent belter when the .subject was con- 
fronted with a known IcUer than when he wa.s faced with 
an unknown figure designed on the same oplomolrical prin- 
ciples. If a comparison can be vcninrcd between Kreiker's 
results — according to which the visual angle of the details 
of the figures must subtend 2.3 min. of arc to render it pos- 
sible to resolve the figures — and the values found by Aiibcrt 
and Hofmann for the min. separabile (about 3 min. of arc for 
squares subtending an angle of 1 min. of arc and 1 min. of arc 
for squares with the double length of side, vide fig. 1) it will 
be seen that the recognition of unknown complicated figures 
can very well be explained on a liasis of the min. scparabilc. 
It thus seems unnecessary to assume any influence on the part 
of the aligning power — it would also be rather difficult to 
account for this influence with regard to the individual letters. 

It appears from the foregoing that the min. legibile depends 
on one or more of the following factors: the min. separabile, 
the intensity discrimination, the form sense and the ^recollec- 
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ted image* without it being possible to analyze the influence 
exercised by the individual factors with regard to the various 
letters. On account of its complexity the min. le- 
gibile will consequently hardly be applicable 
for scientific experiments with regard to the 
structure and function of the retina. Even the applica- 
tion of unilluminated letters on luminous ground will not — as 
for the min. separabile — make the matter more perspicuous. 
It cannot be denied that clinicall)' the min. legibile is indispen- 
sable, but it must be realized that the min. legibile is a very 
complex function, which is perhaps an advantage in the clinic, 
and that any alteration of the conditions of the experiments 
may give incalculable results. 

It would be very desirable, therefore, if standard con- 
ditions could be introduced for the clinical determination 
of the min. legibile. In the course of time several attempts has 
been made e.g. by the International Ophthalmological Congress 
at Naples in 1909 and by J. W. Nordenson (1942) without eli- 
citing any unanimous response, however. 

Consequently it is necessary to make certain reservations 
when comparing the values for the visual acuity obtained by 
different authors. 

There are several uncertain factors connected with the cli- 
nical determination of the visual acuity which has not yet been 
mentioned. In the first place the size of the letters on indivi- 
dual commercial specimens of Snellen’s test chart varies up to 
10 per cent. Secondly the white ground of the table will gra- 
dually grow yellowish, so that the contrast is diminished and 
the chart must be discarded. Thirdly the illumination varies to 
some extent. Some use daylight, others artificial light from be- 
fore, others again illuminate the chart from behind. Theoretically 
the patient’s distance from the chart is not without importance 
as the illumination of the retinal image increases when the di- 
stance is reduced. Further , the min. separabile and probably 
also the min. legibile improve somewhat with an increase of 
the size of the ground (Berger 1939). The influence of this fac- 
tors is presumably so small, however, that it has no practical 
importance. Fourthly there is some variation in the demands 

4 
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of the individual examiners lo the number of IcUcrs, which the 
patient must be able to read in order to have the visual acuity 
in question. Some (e.g. J. W. Nordcmon 1942) demand the 
patient to read all the letters quickly and correctly, others are 
satisfied when the patients can read the majority of the letters 
in the line in question. And finally it must be remembered 
that sufficiently large letters arc so large that the retinal image 
covers more than the field of central vision (vide p. 108), .so 
that the vision measured is certainly foveal vision but not ex- 
clusively central vision. 



Chapter II 


INDIRECT VISION 

In the preceding chapter the visual sense with regard to 
central wsion has been analyzed, and a working basis has 
been created according to which it should be possible to ar- 
range previous investigations on indirect vision systematically 
in groups. Before doing this, it will be practical to give an 
account of the fundamental principles — optical, anatomical 
and psychological — of indirect vision. When the principles 
of indirect vision as well as previous investigations on indirect 
vision has been reviewed we shall have formed a basis for a 
discussion of the validity of the theories, which has been pro- 
pounded in order to explain the characteristic features of in- 
direct vision. 

A. The Principles of Indirect Vision. 

1. The Optical Imagery by Indirect Vision. 

Only a few authors have investigated the imagery on the 
eccentric parts of the retina with objective methods. 

E. H. Weber (1846 and later on Landolt & Nuel (1873) 
have by direct observation of the eyes of albinotic rabbits 
found that distinct images were formed at eccentricities up to 
70°. This was possible because the focal distance and conse- 
quently the size of the image decreases with the obliquity of 
the rays through the refractive system of the eye (Landolt 
& Nuel, 1873). 

The only objective investigations of the refraction of the 
various parts of the human retina were carried out by Ferree, 
Rand & Hardy (1931) and Ferree & Rand (1933). The expe- 

4 * 
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Table III. 

Refraction measured with ref Tactometer ot uartovs places in 
the visual field, according to Ferree, Rand & Hardg, 1931. 


Type A. (Average for 6 eyes). 


Eccen- 

tricity 

Temporally 

horizontal 

meridian meridian 

Nasally 

horlzonlnl verlical 

meridian meridian 

0 

+0.25 

-f-0.08 

+0.25 

-^0.08 

10' 

+0.10 

-H).04 

-^0.19 

-J-0.13 

20' 

-H).31 

+0.35 

-f-1.08 

^.06 

30' 

-i-1.27 

+0.42 

-^1,94 

+0.19 

40' 

-^2.35 

+0.67 

-f-3.23 

+0.94 

50' 

-r-3.14 

+1.35 

-f-4.10 

+2.31 


Type B. (Average for 5 eyes). 


Eccen- 

Temporally 

Nasally 

tricity 

horizontal 

meridian 

vertical 

meridian 

horizontal 

meridian 

vcrUcal 

meridian 

0 

+0.30 

+0.25 

+0.30 

+0.25 

10' 

+0.44 

+0.32 

+0.23 

+0.20 

20' 

+0.60 

+0.95 

+0.15 

+0.75 

30' 

+0.57 

+1.57 

+0.05 

+1.27 

40° 

+0.85 

+2.45 

+0.80 

+2.15 

50' 

+1.87 

+3.72 

+3.00 

+4.02 


riments were carried out with a modified Zeiss Parallax-Re- 
fractometer. In order to explain the results which appear from 
Table III the authors have had to divide the refraction of the 
subjects in two types, A and B. Subjects of tj^e A have mixed 
astigmatism corresponding to the periphery of the retina and 
subjects of type B compound hyperopic astigmatism, in both 
cases with the lowest refractive power along the horizontal 
meridian. It appears from the table that the refraction in 
emmetropic eyes and at an eccentricity of 10' deviates at most 
0.45 D from the central refraction and on an average consider- 
ably less. Not until the eccentricity is 20' will the peripheral 
ametropia and astigmatism make themselves felt. 

According to this the refraction does not 
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seem to be of any great importance for in- 
direct vision when the eccentricity is less 
than about 10°. 


2. Remarks on the Strnctnre of the retina outside 
the fovea. 

In the remaining part of the retina as well as in the fovea 
the fineness of the receptor mosaic depends partly on the size 
and number per unit of area of the receptor cells, partly on 
the ascending convergence of the fibres (vide pp. 16 and 18). 

The receptor cells consist in the layer of cones and rods. 
In the greater part of the fovea where only cones are to be 
found the diameter of these increases with the distance from 
the centre of fovea (conf. table VI p. 109). The centripetally 
conducting neurones of the fovea have already been mentioned 
on page 17. Summarily it may be said about these, that there 
is at least one cone per optic nerve fibre in the fovea, and 
perhaps more. 

Outside a certain boundary in the fovea from an eccen- 
tricity of about 26.4 minutes of arc (Osterherg 1935 ®'*) to 50 
minutes of arc (Kostcr 1895) the rods begin to appear, first 
singly, scattered among the cones, then gradually in greater 
numbers, while the cones at the same time become fewer. 
At an eccentricity of 20 to 25 degrees the cones reach their 
minimum, and at the same time there is a maximum of rods 
per unit of area, approximately corresponding to the number 
of cones per imit of area in the foveal centre. Outside this 
»ring« of rods, the number of rods again decreases. 

According to the duplicity theory the cones do not parti- 
cipate in the visual act during dark adaptation and the rods 
do not participate in case of light-adapted eye. "Whether the 
latter holds good has not been proved with certainty. Experi- 
ments made by Granit (1941 b) makes it probable that the rods 
are active both in case of light adaptation and dark adaptation. 
We shall, however, here assume that the duplicity theory 
holds. 

The afferent neurones from the retina outside the fovea 
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converge much more than the fibres from the fovea. This ap- 
pears from countings of the cells in the outer and inner nu- 
clear layer and in the ganglion cell layer at various eccentri- 
cities (Chievitz 18^^). Polyak (1936} found likewise by histo- 
logical investigations on monkeys and apes that the bipolars 
and the optical ganglion cells in the periphery of the retina 
are chiefly of the polysynaptic type so that each bipolar is 
connected with several cones and rods, and again several bi- 
polar cells with one optical ganglion cell. Finally there is a 
distinct incongruity between the total number of nerve fibres 
in the optical nerve, about 1 million (Krause (1876) according 
to Osterberg (1935 and the number of cones (about 6.5 
millions) and rods (about 118 millions) (Ostcrberg 1935 ®®) 
the consequence of which is that in the periphery many cones 
and rods must correspond to one optical nerve fibre, especially 
if there is one nerve fibre for each cone in the fovea. 


3. The Importance oS the Psychological Factors, Atten- 
tion and Practice for Indirect Tision. 

Already Purkinje (1825 realized that the psycholo- 

gical factors, attention and practice have a special influence 
on indirect vision. As soon as a lest object appears in the 
visual field beside the fixation object the subject will have 
to attempt to divide his attention between the 
maintenance of an accurate fixation and the perception of 
the quality of, or variation in, the test object which is to be 
observed. 

Attention may be directed against either large or small 
areas in the visual field and the visual acuity will vary ac- 
cordingly. Purkinje (1825 21) expresses this fact in the fol- 
lowing way: »A person is able to concentrate his attention on 
a single point or line or he may disperse it all over the visual 
field. These two processes are antagonistic to each other. The 
more intensely the attention — by central vision — is concen- 
trated on a single point, the more the remaining part of the 
indirect visual field will disappear from the consciousness; if 
on the contrary the person is not looking at anything in parti- 
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cular he will notice more details in the visual field, but per- 
ceive the point corresponding to central vision less distinctly.® 
The same observation is made by E. Holm (1923). 

How large an area of the visual field, either centrally or pe- 
ripherally situated, over which the attention may be dispersed 
^vithout variations in the visual acuity does not seem to have 
been investigated. Some experiments giving an outline of this 
problem have therefore been included in this book (vide 
p. 119). 

Besides being dependent on the attention the acuity of in- 
direct vision is also dependent on the training which the 
person in question has aquired in observing objects in the 
visual field with indirect vision. Dobrowolsky & Gaine (1876 a) 
thus found that the best indirect vision was not obtained until 
after 6 weeks of dailj' experiments. Furthermore it is probably 
also due to training that a squinting eye can gradually estab- 
lish an eccentrically situated »pseudo-fovea« with better visual 
acuity than other retinal areas of the same eccentricity. 


B. Previous Investigations on Indirect Tision. 

As described in the introduction it is a common experience 
that indirect vision in less sharply defined than central vision, 
although onlj^ the outlines of this variation are known. If an 
attempt is to be made to penetrate further into the physiology 
of indirect vision, the first task will be to find the boundary 
between central and indirect vision. The next question to be 
settled is the rapidity with which the acuity of vision diminis- 
hes, and whether all visual functions — in so far as they are 
comparable — diminishes to the same extent. Not until these 
problems are fairly settled will it be possible to approach the 
solution of the central problem, the explanation of the dif- 
ference between indirect and central vision. 

As normal fixation takes place by means of central vision 
it will be possible, already before dealing with the variation 
of the visual acuity in the field of vision, to acquire some idea 
as to the angular extent of central vision, through what is 
known about the accuracy of the fixation of the eye. 
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1. The Angular Extent oS Central Vision Bctermineil 
hy means oS the Size of the Betinal Fixation Area. 

When it fixates a point the eye will in spite of the en- 
deavours to fixate carry out some very small involuntary 
movements. Fixation consists in successive >periods of ele- 
mentary fixation® each lasting from 1 to 2.5 seconds (0hrvo.ll 
(1912), Sandberg (1918)). During a succession of elementary 
fixations the image of the fixation point will be carried over 
various parts of the fovea, larger and more rapid shifts being 
interposed between the periods. From these shifts the eye does 
not return exactly to its starling point. During each elementary 
fixation the eye will also carry out some small quivering, 
oscillating movements, each being usually less than 50 to 120 
seconds of arc and having a frequency of 50 to 100 per second. 
(Dohlmon (1925 ^^^), Adler & FUcgelmann (1934)). 

The angular area of the \dsual field within which the fixa- 
tion axis thus moves during the fixation of a point may be 
described as the >error of fixation® or »abcrration 
of the fixation axis® (Gertz 1908). The corresponding 
retinal area is called the fixation area of the retina 
(Tschermak 1931 

It is quite evident that if the extent of central vision was 
smaller than the retinal fixation area the acuity of the visual 
impression would vary during the fixation. This is not the 
case. If on the other hand the fixation area was smaller than 
the area covered by central vision there would be two possi- 
bilities. One explanation would be that fixation was attached 
to certain special receptors within the field of central vision, 
so that only these receptors were able to give a subjective im- 
pression of fixation. If on the other hand such receptors do not 
exist the movements of the fixation axis within the field of 
central vision would not be discernible, and the two fields 
would consequently be identical. 

Whether the subjective criterion of fixating a point is the 
fact that the image of the point falls on specific » fixation re- 
ceptors® or the fact that the point is more sharply defined in 
the fixation position than in any other position of the eye 
cannot be settled on the basis of present knowledge. It can- 
not therefore be stated decisively whether 
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the field of central vision on the retina is 
equal to or larger than the retinal fixation 
area. 

The size of the fixation area may be determined experi- 
mentally by objective os well as by subjective methods. 

WTien applying objective methods it is best to re- 
cord the movements of the eye by means of a narrow beam 
of light reflected from a small mirror attached to the eye, the 
mirror carrying the light to a moving photo-film. 

By means of such an arrangement Marx & Trendelenburg 
(1911) have found that the movements of the fixation axis 
during a fixation which lasted for 11,2 seconds did not exceed 
a visual field with a diameter of 5 min. of arc. Adler & Fliegel- 
mann (1934) who used a similar method found a fixation area 
of the same magnitude, 2.5 to 5 min. of arc. 

Another group of authors have found much larger aber- 
rations of the fixation axis. Thus Ohrvall (1912) states the 
diameter to be 23 to 32 min. of arc and Sundberg (1918) finds 
32 min. of arc. Both series of experiments were carried out 
by measuring the movement of a scleral vessel, the measure- 
ments being taken through an ophthalmometer on a vernier 
scale. A third author, Dohlman (1925^^®), who has used the 
above mentioned photographic recording, has found the fix- 
ation area to have a diameter of 46 min. of arc. 

Tlie reason for this great discrepancy between the results 
of the experiments may perhaps be found in the fixation ob- 
jects employed. Adler & Fliegelmann, who found the smallest 
figures, thus used a cross-hair. Marx & Trendelenburg, who 
also found a small fixation field, used a black point on a 
white surface, but do not state the size of the point. On the 
other hand the fixation objects used by the authors, who found 
large values, were all relatively large. Thus the objects used 
by Ohrvall, Sundberg and Dohlman were luminous points on 
dark ground, and the diameter of the points were 3, 4 and 4 
min. of arc respectively. The points were approximately twice 
as large as oscillations of the fixation axis during an elemen- 
tary fixation, and it would hardly be possible to record a finer 
fixation adjustment of the eye with such large objects. The 
size of the fixation objects can, however, hardly explain all 
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of the difference between the observed fixation fields. It is a 
more probable explanation that Hie eyes of the siibjecls have not 
been completely light-adapted by the luminous point and that 
consequently the fixation has not been optimal. 

Of all the objective determinations of the retinal fixation 
area the lowest values (2J) to 5’) seem probably to be most 
correct. 

Subjectively the size of the fixation area may either 
be determined by simple observation or by experiments. Thus 
Java! (T scheming 1924 ‘*4) observed that when two points 
can be recognized as separated, then either of the points can 
be fixated. As two points can be seen separately when the 
distance between them is 2 to 3 min. of arc (vide p. 22) the 
accuracy of the fixation is probably of this magnitude, as it 
would otherwise hardly be possible to know which of the 
points was fixated. 

Of experiments only a single series, reported by H. Gerlz 
(1908), seems to exist. The experiments arc based on the ob- 
servation that even if a row of points (more than G) can be 
recognized as separated, it is not possible to count tlie points, 
until the distance between them is somewhat larger. In order 
to be able to fixate one point at a lime, while counting, the 
fixated point must be seen more distinctly than its neigh- 
bours, i. e. only this point comes within the field of central 
vision. Gertz thus assumes that the aberration of the fixation 
axis and the angular extent of direct vision are equally large. 

Working upon this assumption Gertz has made some ex- 
periments on the basis of which he has calculated that the 
retinal fixation area and the area of central vision both have 
ah angular diameter between 3’20” and 4’5”. This corresponds 
to those of the objective measurements which have been car- 
ried out with the apparently most suitable fixation targets. 

If the information as to the extent of central vision on the 
retina, which the investigations with regard to fixation yields, 
is summed up, it appears that the diameter of the 
retinal area of central vision must be either 
a b l. 2.5 to 5 min. of arc or larger. 
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2. Previous Comparative Invest! stations on Central and 
Indirect Tision. 

When contradictory results of comparative sense-physio- 
logical investigations on central and indirect vision have quite 
often been obtained, it is reasonable to attempt to explain this 
by differences in tbe experimental conditions. Thus the various 
authors have probablj' examined different sides of the visual 
sense, different partial functions which do not vary in the same 
way with the retinal eccentricity. In the following it is endea- 
voured to arrange the previous sense-physiological investiga- 
tions on indirect vision in accordance with the division of the 
visual sense into partial functions proposed in chapter I. The 
intention is hereby to give a .survey of the problems connected 
with indirect vision and thus create a basis for new experi- 
ments on central and indirect vision. 

a. The light sense by central and indirect 

vision. 

As mentioned on page 6 the light sense of the eye is 
measured by the discrimination factor, i. e. the start 
intensity divided by the differential threshold. The differential 
threshold by indirect vision must be assumed to be dependent 
not only on Uie light intensity, adaptation level and the size 
of the stimulated retinal area — as it is the case by central 
vision — but also on the location of the stimulated area, 
especially its eccentricity. 

The influence of light intensity and adaptation level on 
the differential threshold, when both central and indirect vi- 
sion are simultaneously stimulated, has already been dealt 
with on page 7 .Apparently no experiments have been carried 
out by pure indirect vision and light adaptation. 

The dependence of the successive differential threshold on 
the angular diameter of the test object was investigated with 
light-adapted eye by Heinz & Lippaij (1928). Through these 
experiments the differential threshold was shown to be de- 
pendent on the area to a greater extent than 
by central vision. 

The first measurements of the variation of the differential 
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threshold with the retinal eccentricity were carried out by 
A. Hueck (1840). Hucck found the value of the differential 
threshold by determining the size which a black spot must 
have in order to be just visible on white ground. In this way 
it could be shown that the threshold was higher for an eccen- 
tricity of 1 than it was centrally, and that it increased 
uniformly with increasing eccentricity. This result has later 
on been confirmed by Groenouw (1893) and also by the in- 
vestigations on which the clinical perimetry is based (conf. 
e.g. Bjerrum (1889), Bonne (1915)). In all these experiments 
the difference in brightness between object and background 
has been kept constant and the angular size of ihe object 
varied. As the differential threshold decreases with increasing 
size of object, it will be found — when using this method — 
that the differential threshold does not increase with the eccen- 
tricity to such an extent as if the size of the object was kept 
constant. 

Of experiments with varied difference in brightness 
between object and ground only a few have been carried out 
with perfectly light-adapted eye. For this reason a paper by 
Guillery (1897 a) must thus be rejected. Dobrowolsky & Gaine 
(1876 b) have found, through perimetrical experiments with 
a white Masson’s disc with a ringshaped shadow of variable 
intensity, that the differential threshold increases with the ec- 
centricity already within the macula lutea. Against this state- 
ment the following objections may, however, be made. Firstly, 
it is doubtful whether such a large object as a Masson’s 
disc should be used in the distance chosen at such small dis- 
placements in eccentricity. Secondly, no readings closer to 
the centre than 5 are given in the said paper. At 5* the dif- 
ferential threshold is almost twice as large as centrally. With 
a similar method Bjerrum (1882 los) result, 

while Exner (1870) found the same threshold for central vision 
as for an eccentricity of 5 . A direct explanation of this cannot 
be given. Dobrowolsky & Gaine themselves state the reason to 
be that Miner’s experiments were carried out by artifical 

(gas light), but this is, however, hardly sufficient expla- 
nation. 
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No measurements of the intensity threshold with 
light-adapted eye seem to have been carried out. 

b. The colour sense by central and indirect 
vision. 

As colour sense is defined as the ability to recognize and 
discriminate colours, comparative experiments as to colour 
sense by central and indirect vision might consist in determina- 
tions of the threshold for recognizable difference in wave 
length with varying eccentricity. Such experiments have ap- 
parently not yet been carried out with pure spectral colours 
and light-adapted eye. 

In addition to this it would also be of interest to examine 
a series of partial functions, as f. inst. the differential threshold 
and the min. separabile for light of various wave lengths. Be- 
fore carrying out such experiments it will be natural to account 
for the processes of the various functions with achromatic 
light. For practical reasons the present book does not go 
beyond this, and it does not intend to deal with further pro- 
blems of colour sense. 

c. The physiological resolving power by cen- 
tral and indirect vision. 

The min. separabile. Most comparative investiga- 
tions on the min. separabile by central and indirect vision 
have been carried out with objects illuminated from before 
and of various kinds, white or black dots, squares or lines 
on black or white ground respectively. As to the angular extent 
of central vision these experiments yield only uncertain in- 
formation. Only Burchardt (1882) has taken readings suf- 
ficiently close to the centre, and found that the min. separabile 
was the same in the centre as at a distance of 15 to 20 min. 
of arc from the centre, but already at an eccentricity of 30 
min. of arc the min. separabile was twice as large. Against 
Burchardfs experiment an objection may, however, be put 
forward, namely that the object was not two points but a group 
of points (4 to 6) and thus relatively large in comparison with 
the eccentricities used [Guillery, 1897 b). At larger eccentricities 
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the min. separabile increases rapidly, although the statements 
as to the rapidity given by different authors vary considerably 
(conf. Hueck (1840), VoUcmann (1846 Aubert & Foerster 
(1857),' konigsliofer Groenouw (1893), Guillery 

(1897 b)). Aubert & Foerster (1857) as well as Groenouw 
state that the rate of increase is larger in the vertical meridian 
than in the horizontal. 

At Aubert :& Foerster’s experiments the peculiar phenomenon 
established itself tliat the min. separabile by constant angular size 
of object was smaller for indirectly seen objects, if they were closer 
to the eye, than if they were more distant. (The so-called Aubcrt- 
Foerster phenomenon). According to recent investigations (e. g. 
Musyleu 1937) the explanation of the phenomenon seems to be that 
Aubert .& Foerster did not keep the size of the background of the 
object constant, (conf. p. 36). 

The min. separabile for twin objects illuminated from be- 
fore can, however, according to the preceding chapter (vide 
p. 20) only be considered a function of the differential thre- 
shold of the intermediate area. Only through experiments with 
luminous points of threshold brigtness on unilluminated 
ground a measurement of the size of the functional units will 
be obtained. It would of course be of great importance for 
our knowledge- about indirect vision to follow a possible varia- 
tion of the diameter of the functional units in the visual field 
from the fixation point and outwards. However, the literature 
offers only few investigations on the min. separabile for lu- 
minous objects, and at none of these papers do the experimen- 
tal conditions fulfill all the requirements raised. 

Only a single series of experiments made by Wertheim 
(1887) was carried out with luminous points as test objects. 
The points consisted in a system of pin holes in a tin foil illu- 
minated from behind. On the basis' of Wertheini's tables the 
values of the min. separabile which appear from fig. 2 a can 
be calculated. It is seen that even at an eccentricity of 30 min. 
of arc the min. separabile is larger than it is centrally. As the 
experiments were not carried out in complete light adaptation, 
and as the brightness of the points has probably exceeded 
threshold brightness- considerably, the result must be taken 
with some reservation. The same applies to some other expert- 
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ments by the same author (1894) with a grating illuminated 
from behind as object. Through these experiments Wertheim 
found that the min. separabile increased gradually when the 
eccentricity was increased from 2.5° to 70°. The increase was 



eccentricity 

Fig. 2 a. 

Themin.scpambile for luminous points at varj’lne retinal eccentricity, according 
to Werihtim (18^. 

Abscissa; Eccentricity retino-temporally In degrees. 

Ordinate: The min. separabile in minutes of arc. 


smallest in the horizontal meridian, especially in the retino- 
nasal, and largest in the vertical meridian, especially in the 
retino-inferior. Later on Weymouth et al. (1923 and 1928) 
has reported similar experiments with light-adapted eye (vide 



Fig. 2 b. 

The min. separabile for a luminous grating 
at varying retined eccentricity, according to Wey- 
mottth et al. (1928). 

Abscissa; Eccentricity in degrees. 

Ordinate; Mean value of the min. separabile in 
the four principal meridians in se- 
conds of arc. 


eccentricity 


fig. 2 b). Weymouth is the author who has measured the min. 
separabile nearest to the fixation point (at 21.7 min. of arc 
and with one subject at an eccentricity of 10.6 min of arc), 
but the readings at 10.6 min. of arc must be considered to 
be rather doubtful, as the object was rather large (diameter 
10 min. of arc). The light intensity used seems, however, 
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also in Weijmoutli's experiments to have been considerably 
above threshold brightness, just as the dark ground between 
the bars of the grating — according to the description of the 
method — has hardly been absolutely unilluminated. 

As thus none of the investigations in question have been 
carried out under such well-defined conditions that the min. 
separabile measured can be considered to be a measure for 
the functional units, new experiments will be desirable. 

Perception of movement and form sense. As 
mentioned in chapter I both perception of movement and form 
sense can — in addition to the min. separabile — be taken as 
a measure for the physiological resolving power. 

Comparative experiments with regard to perception of 
movement by central and indirect vision was published by 
Easier (1908), who determined the minimum recognizable 
movement of a luminous slit. The threshold was of the same 
size in the centre of the visual field and up to an eccentricity 
of 3* when it began increasing. As the experiments were not 
carried out in light adaptation and not with an object consist- 
ing of a luminous point on unilluminatcd ground but of a 
luminous slit in a visual field either filled with illuminated 
objects or completely dark, the result cannot be taken to be 
a function of the physiological resolving pow'cr. 

The third partial function the relation of which to the re- 
tinal structure seems rather simple,- the form sense, has never 
been investigated by indirect vision. It will therefore be of 
interest to examine both form sense and perception of move- 
ment at varying eccentricity in the visual field, at the same 
time verifying whether the relations of these functions to the 
min. separabile conform to the theories propounded in chapter 
I (vide chapter V and VI for further details). 

d. Variation of the complex functions by cen- 
tral and indirect vision. 

Aligning power. By all investigations on the aligning 
power at various eccentricities a gradual increase in the dis- 
placement threshold has been observed within the area 
examined from the fixation point to an eccentricity of 20 , 
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Table IV. , . . 

* 

The displacement threshold at varying retinal eccentricities. 


Autlior: 

Bourdon (1903) 
(quoted by 
Hofmann (1925, *'')) 

Hofmann (1925,^’') 

Test object: 

Eccentricity: 

Two black lines on white 
ground which can be dls- 
piaced In relation to each 
other. 

A square surface, one half 
white, the otherblack.The two 
halves of the dividing contour 
can be displaced in relation 
to each other. 

0 

7” 

9” 

r 

23” 


2‘ 


54” 

5* 

3’57” 

2’3” 

10* 

6’53” 

3’48” 

20’ 

13’56” 



(vide table IV). The authors have apparently not attempted 
to determine the angular extent of central vision through these 
experiments. For this reason there are no readings at eccen- 
tricities smaller than 1*, apart from the measurement carried 



Discrimination of thickness of line at different retinal eccentricities. According 

(1935). 

Ubject:- A dark slit in a 'white ground. The total length of the slit 23’20”. 

ADsclssa: Eccentricity, relino-nasally, in minutes of arc. 

urainateiThe Increase in width of the variable half of the silt in seconds of arc. 

5 
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out by central vision. New experiments would therefore bo 
desirable, (vide chapter VIT) . 

Discrimination of thickness of line. I’he only 
investignations in the literature at hand on the variation of this 
function with the retinal eccentricity arc made by Adler & 
Meyer (1935) and are of special interest, as the experimenter.s 
succeeded in proving the existence of a »physiological 
fovea* of the same size as the anatomical, vide fig. 3 and 
table XV page 169. The object employed was a dark slit in 
a Avhite ground illuminated from before. Tlie .slit (which had 
a total length of 23’30”) was divided in two equally large parts, 
in such a way that the width of each half could be varied 
independently of the other. A black dot on white ground was 
used as fixation target. By means of an electric switch, 
operated by a motor, the fixation target and test object was 
illuminated alternately, 2 and 0.15 seconds respectively. The 
adaptation level was kept constant during the experiment, but 
it was only dependent on the relatively small background for 
the objects. (The diameter is not stated, but according to the 
illustration it seems to have been abt. 1.5*.) Whether the eye 
of the subject has been fully light-adapted cannot be decided. 

The experiments were carried through with one subject 
in the four principal meridians, and for each of these the 
threshold for recognizable increase in thick- 
ness was found to be the same within a radius 
of 4 2 min. of arc from the centre (0.125 mm on the 
retina). If this observation of a »phy siological fovea* 
could be verified, it would mean that the simultaneous inten- 
sity discrimination was the same everywhere in the fovea, and 
it would be the first time that it had been possible to prove 
the existence of a physiologicjil fovea in a light-adapted eye. 
In chapter VJII it has therefore been endeavoured to repeat 
Adler & Meijefs experiments and further to investigate the per- 
ception of thickness of line under various experimental con- 
ditions. 

The minimum legibile. In spite of the complex 
nature of the min. legibile it is often used for investigations on 
the physiological basis of indirect vision, e. g, by Aubert «£ 
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Foerster (1857), Dor (1873), Konigshofer (1876^®), Schadow 
(1879), Bloom & Garten (1898) and Ruppert (1908). By all 
these experiments a decrease in visual acuity with increasing 
retinal eccentricity has been observed, the rate of decrease 
differing somewhat according to the various series of expe- 
riments. Tlie only author who has measured the min. legibile 
at an eccentricity as small as l' is Konigshofer, who found the 
\nsual acuity here to be 1/4 to of the central visual acuity. 


C. Theoretical C/xplanation of the Difference 
between the Characteristic Features of 
Central and Indirect Vision. 

When endeavouring to find the reason for the difference 
between central and indirect vision, it would be natural to 
look for it among the optical, structural and psychological 
principles of indirect vision. 

Among the optical factors importance has been attributed 
in the first place to spherical aberration (Young 
(1801^^^)), secondly to reduced illumination of ima- 
ges on the peripheral parts of the retina (Landolt & Nuel 
(1873)), and finally to difference in refraction. 
Apart from the fact that imperfections in the optical imagery 
no doubt have some influence at the periphery of the retina, 
they cannot — as assumed by Volkmann (1846 ®^^) and Faza- 
kds (1928) — be considered to be the main reason of the dif- 
ference between central and indirect vision. This appears 
especially from, the fact that no essential difference in refrac- 
tion or astigmatism can be found at eccentricities within abt. 
10° (vide p. 52), while the visual acuity decreases rapidly at 
any rate from the border of the fovea and outwards. Moreover 
it will hardly be possible to explain the different variation 
of the visual acuity along the four principal meridians by 
optical factors. 

Ever since E. H. Weber (1846^^®) correlated the resolving 
of two points to the structure of the retina by propounding 
the term »Empfindungskreis« (vide p. 19), attempts have been 
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made to explain the lower visual acuity of indirect vision by 
the structure. But while Weber himself ascribed most 
importance to the' distribution of the nerve fibres; 
Aubert & Foerster (1857) assumed that the number of 
cones per unit of area in the various parts of the retina 
could provide the explanation. Aubert & Foerster regretted that 
no accurate countings, the results of which could be compared 
with the min, separabile, existed at the time when their expe- 
riments were carried out. 

Later on Wertheim (1887) compared the min. separabile 
for luminous points with countings of the cones carried out by 
Salzer and found conformity between the min. separabile and 
the number of cones up to, but not outside the border of the 
fovea. In addition to the objections against Wertheim’s method, 
mentioned on page 62, it must be stated that when his calcula- 
tions are examined it is found that the value of the central 
min. separabile of 2.2 min, of arc will correspond to abt. lip. 
As the diameter of the cones are three to five times smaller, 
the conclusion drawn from Weriheim's experiments must be 
that in the foveal centre the functional units consist of a cer- 
tain number of cones (3 to 5), while in the remaining part 
of the fovea they consist of the same number of cones of larger 
size, however. 

It is known from histological investigations (vide p. 53) 
that the convergence of the afferent pathways is much more 
pronounced in the periphery of the retina than in the fovea, 
but the eccentricity at which this increase of convergence be- 
gins is not known, and it can only be determined by comparing 
the size of the functional units (determined through the min. 
separabile for luminous points of threshold brightness on un- 
illuminated ground) with histological countings of the frequen- 
cy of cones per unit of area. 

It cannot be taken for granted that there 
are functionally separated units at all in the 
peripheral parts of t h e r e t i n a. The problem may be 
solved in two ways. In the first place it might be determined 
whether the min. separabile for minute lumi- 
nous squares of threshold brightness on unil- 
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lumiriated ground is independent or notof the 
size of the squares by indirect vision, as it is 
by central vision (conf. p. 23). If not independent, 
it would suggest that anatomically separate, independent 
functional units do not exist. Descriptions of experiments on 
this question will be given in chapter IV page 132. Secondly 
the min. separabile might be compared with 
the perception of movement. From the results of 
previous experiments it is generally assumed that the distri- 
bution of cones and nerve fibres cannot explain why the per- 
ception of movement seems so extremely distinct compared 
with the spatial perception, otherwise so obtuse and indistinct 
by indirect vision (v. FIcischl (1883), Ruppert (1908), v. Helm- 
holtz (1896 264)^ Hofmann (1925 70)K 

It is, however, doubtful whether it is possible to draw any 
conclusions from the comparative experiments on the min, 
separabile and similar functions on one hand and perception 
of movement on the other (e. g. Exner (1875), Aubert (1883) 
and Ruppert (1908)). The authors mentioned determined the 
minimum angular velocity, which is perceptible as movement, 
and compared the variation of this threshold with the visual 
acuity in the same meridian. Such a comparison between a 
velocity threshold and the min. separabile is hardly permis- 
sible when the test objects differ considerably in size, as it 
is the case in these investigations. The smallest distance which 
a luminous point must travel in order to render the movement 
recognizable is the only measurement Avhich is comparable 
with the min. separabile, and which can be related to the re- 
tinal structure (conf. p. 38) . Such experiments have been car- 
ried out and recorded in chapter V. 

Two theories have been advanced in order to explain, why 
the perception of movement byindirect vision 
is relatively better than the visual acuity. One 
explanation has been given by v. Fleischl (1883). He assumed 
that the cones in the peripheral parts of the retina were 
coupled in groups, the size of which increased with increasing 
eccentricity, and each of which was connected with one 
nerve fibre. The cones of each group did not form anatomi- 
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cally separate units, but was to some extent mixed with cones 
belonging to adjoining groups. ‘ This would have the effect that 
the visual acuity became rather poor, while eveii a small 
displaceiheiit of a retinal image would be perceptible, as soon 
as the iihage mioved from a cone of one group to one of 
another. It must, however, be noticed that, if this held good, 
a moving point would — to the observer — appear to jump 
forwards and backwards, and this is contrary to experience. 

In his discussion of this theory Hofmann (1925 over- 
comes this objection by asuming that the optical imagery at 
the periphery is so imperfect that even a point has a retinal 
image, which stimulates several cones at the same time. It is 
moreover assumed, that the greater the number of stimulated 
visual cells in a group, the higher its excitation level, and that 
the state of excitation of two neighbouring groups has a cer- 
tain influence on the subjective localization of the object. In 
that case it would be possible to recognize a difference in 
position within the area in which the cones from two groujps 
are mixed, according to whether a larger or smaller numTser 
of cones belonging to either of the groups are stimulated. The 
effects of practice on indirect vision is likewise ex- 
plained by the assumption that the eye is gradually ' trained 
to recognize steadily diminishing differences in the stimulation 
of two neighbouring groups (Hofmann, 1925 

The other theory was propounded by u. Helmholtz 
(1896 264,) »Imagine a surface covered by receptor cells the 
corresponding nerves of which are dissolved into a fine plexus 
of anastomotic nerve fibres, which on one side is connected 
with the numerous receptor cells and on the other with the 
cerebral cortex by means of a much smaller number of nerve 
fibres. It is further assumed that the stimulation of a receptor 
cell is transmitted through the plexus to the roots of the 
nearest nerve fibres, but in decreasing degree according to this 
distance.*) Under these conditions any point of the plexus 


*) Confer HartUne's (1940) experiments by which it was shown 
that in the retina of amphibia the receptive field corresponding 
to one optic nerve fibre is most light sensitive in the centre, 
i. e. the impulses here are of the highest frequency. 
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would be responsive, and the sensation caused by the stimula- 
tion of a point which falls within the starting points of these 
nerve fibres w'ould differ according to the position of the point 
in relation to the three starting points.. If the eye was able to 
recognize minute differences in the stimulation of such nerve 
fibres, it would also be able to recognize minute displacements. 
But the stimulation of two points situated in the same area 
would only give the impression of one point. « 

If a closer comparison of the theories of v. Fleischl — Hof- 
mann and Helmholtz is carried out, it will be seen that they 
only differ as regards anatomical details. Both assume that 
the stimulation of a single receptor cell (Helmholtz) or a few 
receptor cells (Hofmann) wall cause a relatively high excitation 
level of one optical ganglion cell and a lower one of the 
adjoining cells. While Helmholtz in order to explain this 
assumes the existence of an anastomotic plexus of nerve fibres, 
something like the synapse between the bipolars and the op- 
tical ganglion cells, v. Fleischl and Hofmann hypothesizes that 
the receptors corresponding to one ganglion cell are mixed 
with the receptors of the adjoining ganglion cells in a common 
boundary zone. In principle Helmholtz's theory seems to be 
the most acceptable. The existence of an » anastomotic plexus* 
of nerve fibres has, however, never been proved, but it is prob- 
able that an impulse may be transmitted from one ganglion cell 
to the adjoining ones through the association elements of the 
retina. These include both amacrine cells and horizontal cells, 
most numerous in the fovea ho\vever, as well as mutual over- 
lappings of the dendrites of bipolars and optical ganglion 
cells. This overlapping is found not only in the periphery but 
also in the fovea (Polyak, 1936 ). 

According to this the anatomical structure of the fovea 
should also be so as to allow a dispersion of the i m- 
pulse, w'hich might seem strange considering the high visual 
acuity of the fovea. This problem, as well as the above 
described theory by Helmholtz, has been elucidated, and the 
theory has been verified in principle by the electro-physiologi- 
cal investigations of the latest decennia. 
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Electro-physiological experiments ori cen- 
tral and indirect vision, 

'Before correlating the results of the electro-physiological 
investigations of recent years to the theories about indirect 
vision, it will be appropriate to give an outline of the chief 
features of the electro-physiology of the optic nerve and the 
retina. The representation is based on a number of recent ex- 
periments with recording of electrical discharges from the 
optic nerve as a whole or from single nerve fibres, while 
experiments in which the electrodes are placed one on the 
cornea and the other on the fundus or the optic nerve, so-cal- 
led »electro-retinography« has not been taken into considera- 
tidn. 

By placing electrodes at two points of the optic nerve or 
a bundle of fibres it will be possible; by the use of sufficient 
amplification, to record a rythmical electrical discharge pas- 
sing down the nerve, the frequency of which depends on the 
retinal illumination. Such action currents were first observed 
by Adrian & Matthews (1927 a) in the eyes of eels and frogs 
and by Grdnit (1933) in the eyes of mammals. 

Under the influence of a constant stimulus*) (e. g. light) 
on the eye a rapid succession of action currents of approxima- 
tely uniform size appears, if the intensity threshold is exceeded. 
This stream of impulses starts after a certain latent period. At 
first the train of action currents shows a vigorous outburst 
of activity (»on«-effect), but even if the stimulus remains con- 
stant, this is followed by a rapid decline in frequency. 'VlTien 
the stimulus is removed, there is a renewed outburst of im- 
pulses (»off«-effect). After the first outburst action currents 
of low frequency will continue as long as the stimulus lasts — 
the frequency sometimes decreasing an account of adapta- 
tion to stimulus. While the frequency rises considerably 
with increased illumination or increased stimulated area, the 
individual changes of potential are of the same magnitude. 

»'We will define a stimulus as any change in the environment 
of an excitable tissue which, if sufficiently intense, will excite 
the tissue i. e., will cause it to display its characteristic activity®. 
(Adrian 192818). 
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The experimental results hitherto mentioned has been 
obtained by recording the discharge from the whole of the 
optic nerve or larger parts of it. The response of single 
nerve fibres has, however, given more differentiated in- 
formation about the optic nerve currents. Thus Hartline (1938) 
found three sorts of optic nerve fibres in the eyes of amphibia, 
fishes and reptiles, each with its type of discharge. The first 
Ij-pe, which constitutes 20 per cent of the optic nerve, reacts — 
oh the retina being illuminated — with an initial outburst 
followed bj’ action currents of low, constant frequency. The 
second type, which amounts to 50 per cent, gives both an >on« 
and an »off« effect, but no impulses in tlie meantime. Finally 
from the remaining fibres (abt. 30 per cent) an > off « -effect 
only is observed, the train of impulses dying off gradually 
during several seconds. If tlie retina is reilluminated during 
the after-response, tlie latter is immediately discontinued. 

Through the experiments previusly mentioned Adrian & 
Matthews (1927 a) found — besides the facts already dealt 
with — that if the light source — and consequently the image 
on the retina — was moving about, it would act as a more 
intense stimulus than if it was stationary. This must probably 
be explained in the same way as the fact that a momentary 
exposure gives a higher frequency of impulse than continuous 
illumination (Adrian & Matthews 1927 a), and that the bright- 
ness of sensation is likewise highest for momentary illumina- 
tion (Broca & Sulzer (1902), Lehmann (1905^®^)). 

Adrian & Matthews (1927 a) assume that the fact, that an 
increase of the area stimulated has the same effect as an in- 
crease of the light intensity, is due to a dispersion of the 
state of excitation in the retina, whereby several 
ganglion cells are enabled to give a response. 

In a more recent paper Adrian & Matthews (1928) suc- 
ceeded in proving an interconnection, an » interaction®, be- 
tween stimulated retinal areas. If, at the same thime, four sepa- 
rate retinal areas were illuminated the latent period would 
become shorter, than if each of the four areas had been illu- 
minated independently. It will hardly be possible to explain 
this in any other way than by an interaction through the 
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transversal pathways in the retina with the described' effect. 
The latent period depends on the excitation level. Thus an 
iricrease in frequency conditioned by an increase in area or 
intensity is always accompanied by an abbreviation of the 
latent period (Adrian & Matthews 1927 b). In confirmation of 
the theory about stimulation through the transver.sal pathways 
Graham (1932) found- that in the eye of the limulus, which 
consists of omnatidia without transversal connections, the 
latent period is independent of the number of omnatidia sti- 
mulated. But it is perceptibly abbreviated when the light 
intensity is increased. 

For the human eye it would also be natural lo explain the 
dependence of the differential threshold on the light intensity 
and the area stimulated (vide pp. 7 and 8) as a result of 
a similar interaction as the one observed by the »four-point 
experiment« ('Adrian & Matthexos 1927 a). As the dependence 
on the area is more marked in the retinal periphery than cen- 
trally (vide p. 59), it seems lo indicate that the interconnection 
between the ganglion cells is more pronounced in the pe- 
riphery. 

Investigations on the fusion frequency of flicker 
in humans also suggest the existence of -an interconnection 
between separated areas, and that this interaction is different 
by central and indirect vision. When a fusion of intermittent 
flashes of light occurs, it probably means that the discharge 
in the optic nerve is of constant freqxiency, as it is in case of 
continuous illumination, just as alterations in the fusion fre- 
quency probably originates in the retina (Granit 1936®“*). 
When the stimulated area or the light intensity' is increased, 
the fusion frequency is decreased and more so at the periphery 
than centrally (Granit & Harper 1930). It appears from the 
same paper that on measuring the fusion frequency for two 
semi-circular objects separated by a variable intermediate 
space it was found to increase when the objects were ap- 
proached to each other. The variation is most marked at the 
periphery, but exists at the centre as well. When the visual 
acuity of the fovea is good in spite of this interaction, it is, 
according to the authors, due to the fact that here the inter- 
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action has an effebt oh the stimulated areas only, not on the 
intermediate, non-stiinulated area. This is assumed to be due to 
certain inhibitory factors only to be found correspon- 
ding to the fovea. 

In a somewhat later paper Gralmm & Granit (1931) has 
found further confirmation of this Uirough experiments with 
a test object similar to the one applied by Granit & Harper 
(1930). The brighness of each of the two semicircles could 
be varied separately. The frequenc}' of flicker of each object 
could also be viiried separately or coilld be sj’ncbronized with 
each otlier. (The objects had a radius of 30 min. of arc, and 
the distance between them was 4 min. of arc. The intermediate 
space served as fixation target). When the two half parts 
had the same brightness, and the flicker synchronized, they 
gave a higher fusion frequency than if each of them was taken 
separately. If only one object flickered, and the other was 
of the same brightness, this would give an increase in the 
fusion frequency of the first object, but a smaller increase 
than if both objects flickered. It has thus been shown that 
a continuou.sly illuminated object can increase tlie fusion fre- 
quency of another object clearly separated from the first, and 
this must be due to an interconnection between the illuminated 
areas. If during the experiments the brightness of one object 
was diminished the fusion frequency of the darker object 
either remained constant or was diminished by the 
presence of the brighter one. The fusion frequency of the 
brighter semi-circle was vice versa increased by the pre- 
sence of the darker object, if tbe difference in brightness was 
not too large. The fact that the brighter object does not seem 
to influence the dark one was explained by Graham & Granit 
by the inhibitory influence (inhibition) from the 
highly illuminated retinal area. Such inhibition could n o t be 
traced bj-- corresponding experiments jn the periphery (at an 
eccentricity of 10°) . 

On a basis of these experiments Graham & Granit assume 
that the existence in the periphery of an interconnection in the 
above mentioned sense can explain the reduction of the visual 
acuity and intensity discrimination at such eccentricities where 
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the convergence of the fibres of the visual pathway and the 
defective imagery does not offer sufficient explanation. . 

While discussing the theoryby which Helm- 
holtz explained the features of indirect vi- 
sion (vide p. 71), it was pointed out that the 
main idea of the theory is the assumption of 
a dispersion of the impulses in the retinal 
periphery. Such dispersion has been recor- 
ded by the electro-phy siogical experiments 
and the investigations on the fusion frequen- 
cy of flicker mentioned above, so that these 
experiments confirm Helmholtz’ theory. 



PART II 


AUTHOR'S INVESTIGATIONS, 
COMPARATIVE SENSE-PHYSIOLOGICAL 
EXPERIMENTS ON CENTRAL AND 
INDIRECT VISION 



Snrvey o? Part II. 

It appears from the outline of previous experiments on in- . 
direct vision given in the preceding chapter, that the methods 
of none of the experimenters have been such as to satisfy the 
requirements raised: , The test object, . and consequently the 
visual function examined, often seems to have been chosen 
somewhat casually. Usually the eyes of the subjects have not 
been perfectly light-adapted, or the test objects have been so 
large that they were not suitable for fine measurements, e, g. 
of possible variations within tlie fovea. Finally — and most 
essentially — none of the experimental methods have been 
such as to condition a determination of the size of the func- 
tional units. 

It is consequently no wonder that the experiments on indi- 
rect vision are rather incomplete, not tlie less because the 
knowledge of the functional units by central vision has been 
very slight up to the last years. 

It was previously a rather wide-spread conception among 
sense-physiologists that the minimum separabile is always a 
function of the intensity discrimination of the retina and not 
of the fineness of the retinal mosaic (e. g. Bjerrum (1882^), 
Hofmann (1925^8), Guillery (1931 The fact, that the mini- 
mum separabile for luminous points of threshold brightness 
on unilluminated ground is a measure of tlie diameter of the 
functional units, was onlj' proved by Berger & BuchthaVs expe- 
riments (1938 a). After this it was natural to examine indirect 
vision with the same technique. Such experiments were carried 
out and the results recorded in chapter IV. These experiments 
offered an opportunity both of verifying the principal results 
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obtained by Berger & Buchthal — which apparently has not 
been done before — and of further substantiating the results 
on certain points. 

The object of the experiments on the minimum se- 
p a r a b i 1 e was to examine this function under different 
experimental conditions in order to collect sense-physiological 
measurements which, when compared with our knowledge of 
the retinal structure, could yield some information as to the 
function of the retina. Luminous points on unilluminated 
ground should be especially suitable test objects, as the min. 
separabile in this case — at any rate by central vision — 
should be a measure of the average diameter of the functional 
units. 

In the following the main points of the investigation shall 
be shortly summarized. 

A. The minimum separabile for luminous squares is 
measured at various retinal eccentricities. The 
size of the squares chosen for the experiments is so small 
that the squares are seen as points. The aim of the experiments 
is to solve the following questions: 

1. Hov large is the central min. separabile for luminous 
points of threshold brightness on unilluminated ground? 
(conf. p. 23). 

2. What is the extent of central vision on the retina (conf. 
pp. 55 and 58), 

3. Does the min. separabile vary uniformly whith the re- 
tinal eccentricity, or is it dependent on structural limits, 
especially tlie extent of the rod-free area? 

4. How great is the accuracy with which the rain, sepa- 
rabile may be determined by central and by indirect 
vision? 

B. Comparative measurements of the min. separabile in 
various retinal- meridians are carried out, the mi- 
nimum eccentricity at which a difference may be verified 
being f. inst. determined. 
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C. The influence of attention on the min. se- 
parabile is examined, both by central and by indirect vision. 
The aim of the experiment is to determine the extent of the 
central area in the visual field to which the attention may be 
applied, without the central visual acuity deteriorating (conf. 
p. 55). 

D. The dependence of the min. separabile 
on the retinal illumination is examined by central 
and indirect vision by means of experiments on the influence 
of intensity and exposure time. 

1. The importance of intensity. Does the min. separabile 
for luminous squares on unilluminated ground increase 
with the retinal illumination as found by Berger & 
Buchtbnl (1938 a), and if so, does this apply to indirect 
as well as central vision? 

Is the dependence another for very large squares, 
where the min. separabile is assumed to be a function 
of the intensity discrimination? 

2. -Continuous illumination and momentarj’ illumination. 
Does the duration of the exposure influence the min. 
separabile for small luminous squares on unilluminated 
ground, and is the dependence the same by central and 
by indirect vision? 

E. The dependence of the minimum sepa- 
rabile on the size of square. The experiments are 
carried out with luminous squares of threshold brightness on 
unilluminated ground, with unilluminated squares on luminous 
ground and with test objects illuminated from before. 

The results obtained by Berger (1936 and 1939) and by 
Berger & Buchthal (1938 a) for central vision are verified, and 
similar experiments at various eccentricities are also per- 
formed. If the dependence varies with the eccentricity it is 
presumably possible to draw conclusions from this fact about 
the maximum distance from the centre at which separated 
functional units can be found (conf. p. 68) . 

The very few previous comparative investigations on central 
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and indirect vision have usually dealt with a single visual 
function only. In the present investigation, however, the visual 
capacity of the subjects have been tested by means of a series 
of different functions under experimental conditions which 
Avere as far as possible kept constant. By this procedure it has 
been possible to investigate various aspects of the visual sense, 
and to do it in such a way that the experimental results are 
numerically comparable to a much higher degree, than it is 
usually the case. 

In addition to the experiments on the min. separabile in- 
vestigations were also carried out on the perception of move- 
ment and the form sense, which can both, according to 
chapter I, be considered to be a measure of the physiological 
resolving power under certain conditions. 

By the experiments on perception of movement 
it was attempted to solve two questions: 

A. FirstI}', it is attempted to verify that the perception of 
movement, as maintained in chapter I, is a measure of 
the phj'siological resolving power. The distance which a 
diffraction disc (p. 15), having an oscillating movement 
on the retina, must travel in order to render the movement 
recognizable is determined b}' central vision. The result 
is employed in verifying the theoretical calculation 
carried out on page 38 of the same figure on a basis of 
the diameter of the retinal image and the excursion of the 
oscillating movements of the eye. 

B. Secondly, the variation of the perception of movement with 
the retinal eccentricity is examined. If, by indirect vision, 
the perception of movement is relatively ^better® than the 
physiological resolving power measured by the min. sepa- 
rabile, then it indicates a dispersion of the im- 
pulse (vide p. 71). 

As to the results refer to chapter V. 

The third function which, according to chapter I (page 41), 
can be used as a measure of the phj’^siological resolving power 
— although with a certain reservation — is the form sense. 
A summar}”^ of the experiments on this function is given below: 

G 
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A. The form sense is measured at various retinal 
eccentricities. The visual angle which must be subtended 
by an equilateral triangle or a square in order to make it pos- 
sible to recognize the angularitj' of the figure is compared 
with the min. separabile for luminous points on unilluminaled 
ground. 

1 . If the side of the polygon is found to be more tlian twice 
the min. separabile, it will serve as a confirmation of 
the theory advanced by Berger & Biichthal {1938 b) 
about the alternating activity of the functional 
units. 

2. If the form sense is essentially a measure of the physio- 
logical resolving power, it should be dependent on the 
retinal eccentricity in the same way as the min. separa- 
bile. 

3. The accuracy with which the form sense may be 
measured by central and indirect vision is determined. 

B. The depeiidence of the form sense on the 
retinal illumination is examined. 

1. By experiments centrally in the visual field the depen- 
dence is examined within an intensity range wider than 
the one employed by Berger & Buchthal (1938 b), who 
has made experiments with threshold brightness and a 
retinal illumination of 2 lux. The aim was to collect 
more detailed information as to the influence of the 
illumination. 

2. Similar experiments are carried out at an eccentricity of 
5°, in order to find out whether the dependence is the 
same as in the centre. 

The results of the experiments are given in chapter VI. 

In addition to the experiments on tlie physiological resolving 
power the complex functions, aligning power and discrimina- 
tion of thickness of line, were investigated in the same way 
by central and indirect vision. 

The experiments on aligning power, which is pro- 
bably a function partly of the intensity discrimination and 
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partly of the physiological resolving power (vide p. 43) had 
two aims. 

A. As the dependence of the aligning power 
on the retinal eccentricity has not previously been 
determined at small eccentricities, and as it is impossible to 
foretell the results, experiments were performed for this pur- 
pose, while the accuracj' with which the displacement 
threshold can be determined was found through corresponding 
experiments. 

B. When determining the displacement threshold for two 
slits of steadily decreasing length, a time will be reached, when 
the slits have become so short that it is no longer possible to 
recognize their oblong shape, and the function investigated 
will now be the min. separabile for two points. It is certain 
that under these conditions the displacement threshold will 
increase, but it is not possible to predict the slope of the curve. 
If the test object consists of two luminous slits of threshold 
brightness in an unilluminated ground, the dependence on 
the length of the slits will be of special interest, as the experi- 
ment in that case will show the transition from a complex 
function (the aligning power) to a simple function (the min. 
separabile for luminous points). Experiments of this kind were 
consequently carried out by central and indirect vision. 

As to the results reference should be made to chapter VII. 

Tlie last mentioned of the functions examined, the dis- 
crimination of thickness of line, is measured by 
the smallest perceptible alteration of the tliickness of one out 
of two lines or slits in alignment with each other. According 
to tlie theories advanced in chapter I (p. 44) the discrimination 
of tliickness of line is a function of the intensity discrimination 
of the eye, when the two lines are above a certain length. 
Through the experiments the influence of three factors on 
the discrimination of thickness of line was investigated. 

A. Adler & Meyer (1935) have examined the depen- 
dence on the retinal eccentricity and have found 
that the discrimination of thickness of line is the same within 
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a sphysiological fovea « 'with an outer limit at au eccentricity 
of 42’ (vide p. 66). As it has been impossible to observe a 
corresponding dependence for the other functions investigated, 
an attempt was made to reproduce the experiment made by 
Adler & Meyer, under the same experimental conditions as well 
as under modified conditions. 

Similar experiments were carried out in order to find the 
accuracy with which the discrimination of thickness of line 
may be determined. 

B. The influence of the retinal illumina- 
tion is investigated in order to be able to compare the result 
with the dependence of the intensity discrimination on the 
intensity. 

C. Finally the importance of the dimensions 
of the lines (i. e. length and thickness) for the values 
found is determined. 

The experimental results are recorded in chapter VIII. 

In a supplementary chapter IX an account is given of some 
experiments on T ro xl e r's phenomenon by central vi- 
sion in order to elucidate the theory mentioned on page 179 
about an alternating activity of the retinal functional units. 


In the following chapter an account is given of the experi- 
mental methods employed, general experimental conditions 
being dealt with first and secondly the special arrangements 
by means of which the individual visual functions were 
examined. Finally the course of the experirnents and the cal- 
culation of the results is described. 



Chapter III 


EXPERIMENTAL METHODS 

A. Cleneral Experimental Conditions. 

Subjects. All experiments were carried out monocularly 
with three subjects, in some cases with only twm subjects, how- 
ever. All experiments in wdiich the absolute value of the thre- 
sholds read was considered important were carried out with 
suljjects thoroughly trained in reading by indirect vision. 

The visual acuity and refraction of the subjects, determined 
by means of Snellen’s test chart, appear from the below table: 


Subject: 

S 

G 

M 

V 

A 


Visual Acuity and Ee fraction: 

6/6 Emmetropia 

6/6 Emmetropia ( — 0.50 sph. see below) 
6/6 +0.50 cyl.ax. 80‘ 

6/4.5 — 0.50 cyl.ax. 0' 

6/4.5 Emmetropia 


In the subject G a myopia of 0.50 on the eye employed 
(the right eye) was found by a renewed examination after 
the course of two dr tlrree years, while the other eye remained 
emmetropic. This slight myopia did not seem to trouble the 
subject, when using an » artificial pupil « (vide following page) 
during the experiments. It wms therefore judged to be per- 
missible to use all the experiments made with this subject, 
especially as these experiments did not in any way deviate 
from corresponding experiments with other subjects. The 
subject was not, however, used after the 'myopia had been 
ascertained. The slight astigmatism observed in the subjects 
M and Y was also judged to be negligible, although they never 
wore corrective glasses. 
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Light adaptation. In these experiments, just as in 
all of Berger’s and Berger’s & BuchtliaVs experiments, much 
stress was laid on the condition that the eyes of the subjects 
were constantly and perfectly light-adapted. Light adaptation 
was ensured by placing a screen painted a dead matt white, 
illuminated by 14 25-watt lamps, in front of the subject. In 
the screen a square hole was cut out through which the fixa- 
tion target and test object could be seen. The white screen 
illuminated the pheripheral part of the visual field from an 
eccentricity of 30 — 40° and outwards. Further two 75- watt 
lamps were suspended behind the head of the subject,, assisting 
in maintaining light adaptation a. o. by illuminating the metal 
disc with the artificial pupil from behind (wide below). The 
illumination before the eye was measured by a 
photocell luxmeter to be 14 0 lux. All lamps were screened 
in the direction of the test object, so that only the small 
amount of light reflected from the face of the subject could 
reach the distant test object. 

Artificial pupil. In order to eliminate the effect of 
any variation in pupil area all experiments were carried out 
Nvith an artificial pupil placed in a trial frame abt. 12 mm 
in front of the eye examined. The artificial pupil consisted 
of a matt black circular metal disc with a central hole having 
a diameter of 3 mm. By means of this size of pupil almost 
maximum optical resolving power was obtained (vide p. 15). 
By means of screws on the trial frame the artificial pupil could 
be placed in any desired position before the eye. The subjects 
were taught to centre the artificial pupil in relation to the 
visual axis. A black metal disc without hole was placed in 
front of the other eye. 

Fixation of the head of the subject. In order 
to keep the head of the subject immobile during the experi- 
ments, the subject gripped with his teeth round a plate of 
cautschouc with preformed impressions of his teetlr. The plate 
was fixed to an adjustable metal column, which was in turn 
fastned to the floor jind to the table on which the light adapta- 
tion screen was placed. 

Experimental distance. All experiments were car- 


CENTRAL AND INDIRECT VISION 


87 


Tied out with the fixation target and the test object placed 
at a distance of 10.3 m from the subject. Such large distance, 
where 1 min. of arc corresponds to a linear distance of 3.0 mm, 
involves several advantages. In the first place it was possible 
to take readings at different eccentricities within the part of 
the visual field corresponding to the fovea wthout a too subtle 
technique being necessary. In the second place it was so dark 
at the distance chosen that the reflected light from the face 
of the subject could be neglected, and a black surface could 
therefore be considered as physiologically absolutely black, 
»unilluminatedc. Finally it was warrantable to consider this 
distance, where no accommodation takes place, as infinite in 
relation to the optical .system of the eye. 

Fixation target. As fixation target a T-shaped slit 
illuminated from behind w'as used. Tlie horizontal part of 
the slit was 16’40'’ and the vertical 3’, while the width of 
the slit was 20”. The figure was always placed 
with the short limb lying in the meridian of 
the visual field w’hich was being examined 
and pointing in the direction opposite to the 
lest object. On account of this location the fixation target 
and test object could be rather close to each other (at a di- 
stance, of 2’ to 3’) and still appear discrete. The subjects were 
Instructed to fixate the point of intersection of the T-shaped 
figure. 

The slit was illuminated from behind by a 25-watt lamp, 
the light of which was dimmed by means of a sliding blind 
and. by passing through two plates of frosted glass and being 
reflected from a .sheet of while cardboard placed behind the 
slit. The light intensity of the fixation target was adjusted so 
as to be slightly above thre.shold brightness, so that it could 
easily be seen by the subject, but was still so weak that no 
perceptible irradiation could be seen round the figure. During 
the experiments the fixation target was fastened by means of 
screws to a special stand, so that it could be placed at any 
distance and any position required in relation to the test object. 

The choice of a T-shaped figure as fixation target was 
made, because it is presumably easier to fixate a figure con- 
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sisting of two intersecling lines of a certain length for some 
time than a point. The latter would probably tend more to 
cause jgazing blindness« (vide p. 177). In order to find out 
whether this had any practical importance for the experiments 
on indirect vision, comparative experiments on the min. sepa- 
rabile at 30’ eccentricity were carried out with four different 
test objects: 

a) a luminous square, 40” by 40”. 

b) a luminous square, 4’ by 4’. 

c) an unilluminated square, 4’ by 4’, oh luminous ground. 

d) a luminous T-shaped slit, 40” wide, each of the limbs 
being 15’ long measured from the point of intersection. 

As to further details of the experiments reference should 
be made to page 122. Here it shall only be mentioned that no 
definite difference in the applicability of the four objects was 
observed. 

The illumination of the test object. In the 
majority of the experiments a luminous test object on unillu- 
minated ground or unilluminated object on luminous ground 
was used. As typical examples of the test objects the following 
may be mentioned: two luminous squares on unilluminated 
ground and two unilluminated. squares on luminous ground. 
A luminous figure on unilluminated ground 
was prepared by placing a black opaque screen, in which is 
cut an opening of the required shape, in front of a plate of 
frosted glass illuminated from behind. As no other light 
reaches the screen than the extremely faint gleam reflected 
from the face of the 10 m distant subject (vide p. 87), it may 
for a light-adapted eye be considered to be u n i 1 1 u m i n a t e d. 
According to the same principle an unilluminated fi- 
gure on luminous ground was made from opaque 
material in the required shape pasted on a transparent glass 
plate placed in front of the frosted glass plate. 

While the details of the various test objects and the con- 
struction of the apparatus by means of which it was possible 
to vary the dimensions of the test objects shall be dealt with 
later, it is here merely the intention to describe the i 1 1 u m i n a- 
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ting system by which the light intensity of the frosted 
glass plate and consequently the brightness of the lest object 
was rendered adjustable (used by Berger & Buchtlml 1938 a), 
A 73-wall lamp (in other cases 150, 500 or 1000-watt 
lamps) was placed in a housing behind a 12 by 12 cm variable 
blind with sloping slats, as in a Venetian blind. The inclination 
of tlie slats could be altered gradually by moving a pointer 
outside the box. The deflection of the pointer could be read on 
a dial. In order to homogenize the light if was passed through 
filters of frosted glas.s and thin typewriter paper, so that the 
frosted gla.ss plate just behind the test object was absolutely 
uniformly illuminated all over {12 by 24 cm). 

In all experiments wliero it wa.s not the light inlen.sity of 
the test object which was varied threshold brightness 
was u.sed for the object, a brightness which made 
the object just clearly visible for the subject 
under the e.xpcrimental conditions used. The aim of using 
such a small brighlne.ss was to minimize the importance of the 
optical imperfections of the eye, so that the illumination of 
the parl.s of the retina on which the image of the unilhiminated 
pnrf.s of the object was formed would consequently become 
subliminal (conf, p. It], A few experiments (vide pp. 145 and 
Ifi?) were carried out with the background of the test-object 
illuminated from before. For this purpose a lamp 
in a housing .screened in the direction of the .subject was used. 
A photographic shutter wa.s mounted in the opening of the 
lamp housing, .so that the illumination could, if required, be 
switched on m o in c n I a r i 1 y. 'I'lii-s slmtler was used for some 
of the cxpffriment.s on d i s c r i m i n a 1 i o n of thickness 
of line (vide p. 167). In (his cn.se (he test object was a dark 
sUt in a white screen illuminated from before. When the 
screen was illuminated momentarily, it was of course impos- 
•sihle to maintain (he fixation of (he .slit in the dark periods. 
A .small spot of light (aht. 2’ in diameter) on the while screen 
contiguous to the centre of the slit was therefore used as 
fixation target. The light spot w'as produced by projecting a 
narrow pencil of rays from a 3 V lamp on the screen. 

'Fhe min. .separabile was also examined by mo- 
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m e n I a r 5' ill u ni i n a H o n with varying exposure time. The 
test object consisted of two luminous squares on unilluminaled 
ground, for which reason the shutter was placed immediately 
in front of the squares. In order to maintain the fixation 
during the unilluminated periods, a fixation target was used 
consisting in a small while dot painted on the blind of the 
shutter exactly in front of the intermediate space between the 
squares. The white dot was illuminated by a narrow pencil 
of rays thrown sideways and obliquely on the dot. By this 
method it was attained that, at the moment when the shutter 
opened, the fixation target disappeared and the test object be- 
came visible, the light did n o t fall upon the mulluminaled 
ground of the luminous squares, but was absorbed by the black 
inner wall of the shutter frame. 

The shutters used were standardized by 
means of a photo-chronograpli with known recording velocity, 
a light ray being sent through the shutter while it was being 
released. 

Calculation of the illumination of the sti- 
mulated retinal area. At threshold brightness the illu- 
mination of the test object was adjusted at such a low level 
that it was impossible to measure it by means of one of the 
ordinary objective luxineters (a photo-electric cell connected 
to a rather sensitive galvanometer, the dial of which records 
the illumination of the photo-cell in lux). The apparatus was 
therefore calibrated for various positions of the pointer by 
means of a photo-electric cell connected to a more sensitive 
compensation arrangement. The readings were converted to 
lux by comparison with the deflection on an objective lux- 
meter, when the illumination was adjusted at its maximum. 

The illumination (B) of the retinal images was calculated 

from the formula; B — " g : ^2 ^ (iiertjer & Buchtlial 1938 a) 

where a equals the distance of tlie photo-electric cell from the 
luminous plate during the reading, L the number of lux 
measured, p the diameter of the artificial pupil, x the distance 
from the subject’s eye to the lest object (in mm), while re- 
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presents the stimulated retinal area in sq.mm. The loss of 
light caused by the passage through the refractive media of 
the eye is neglected. 


B. Special Arrang^ements for Examiniag 
Individual Visual Functions. 

1. Arransrements for Fxaminins: the Physiological 
Resolving Power. 


a. The minimum s e p a r a b i 1 e. 

The test objects used were eitlier two luminous squares 
on unilluminated ground or two unilluminated squares on 
luminous ground. 

Luminous squares on u n i 1 1 u m i n a t e d ground. 
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The luminous squares (vide fiR. 4) were cut oul of two small 
brass plates (L) which wore illuminaU'd from behind. T]jo.‘:e 
plates, which were blackened both on the .surface and in the 
culling, could slide on a pair of rails placed on a large fcnc- 
slralcd brass plate (G) and could easily be reidaced by other 
corresponding plates with apertures of different sizes. Two 
sets of plates had circular apertures with diameters of 0.5 and 

1.0 mm, others had square apertures, the sides of which were 
either 1.5, 2.0, 2.5, 5.0, 5.5. 4.0. 4.5. 5.0. 7,0, <1.0. 11.0 or 

14.0 mm. At the observ.'ilion distance ttsed the dianteter of 
the smallest apertures corresponded to an angular {liamcter 
of 10’* and the length of the .side of the largest squares to 4'40". 

By means of a wedge-shaped brass ])late (K), which could 
be moved up and down by means of a rack and gear (Z), the 
distance between the squares could be varied from 2-7 mm to 
50 mm (54” to 10*40”) and the position bo read with an accu- 
racy of 0.1 mm (2”) on the micrometer screw M. The two 
small brass plates (L) wore held so tightly against the brass 
wedge by means of two helical springs that no light could 
penetrate between plates and wedge. 

Besides the apparatus described, which is the same a.s the 
one used by Bcrf/cr (1030) a similar one with a finer wedge 
(Berger & Biiclithal 1938 a), which allowed for a distance 
between the squares varying from 1.5 to 17 mm (30** to 5*40”), 
was also used. The accuracy of the rending was the same, 
0.1 mm. 

On investigating the dependence of the min. separahile on 
the size of the square it proved to be desirable to extend the 
investigation to squares considerably larger than those be- 
longing to the apparatus with the wedge. The min. separahile 
for such large squares is, however, so small that it is techni- 
cally impossible to construct an apparatus on the wedge prin- 
ciple, by means of which such large luminous squares can be 
approached to each other, so that they are seen in cohesion. 
It was therefore necessary to apply a principle according to 
which the variation of the distance between the squares was 
discontinuous. The large squares with a length of side of 20 
to 120 mm (6’40” to 40’) were made by placing an oxydized 
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copper wire in front of a luminous rectangle of such dimen- 
sions that the wire divided the rectangle in two luminous 
squares. When the wire was replaced by other wires of pro- 
gressively increasing or decreasing thickness, the inter- 
mediate space between the squares was altered correspondingly. 



Fig. 5. 

Apparatus for measuring the min. separabile for luminous squares on unillumi- 
nated ground with an intermediate space varying from 32 to 180 mm. Two rails (S) are 
lastened by screws to the plate G. Two plates L, each with a square aperture, slide 
on the rails. The space between the plates is enclosed bj’ an „accordion“ H of black 


The thickness of the wires used varied from 0.035 mm to 
2.0 mm, angular diameter 0.7”, 2”, 4”, 6”, 8” and so on up 
to 40”. 

The wedge arrangement described also proved insufficient 
for measurements of the min. separabile by indirect vision, 
where it was. necessary to have a very large distance between 
the squares. Two other apparatuses were therefore constructed, 
each for. a certain range of measurements. The first of these 
(fig. 5) consisted in a large plate (G) with an oblong hole 
along which two rails were placed. On these rails two smaller 
plates (L) with square apertures (40” by 40”) could be slid 
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by hand. The plates were connected by an » accordion* (H) 
of black paper, which prevented light from reaching the space 
between the plates. This device allowed for a variation of the 
distance from 32 to 180 . mm (11’ to 60’). The readings were 
carried out by means of a rule graduated in millimetres. 



Apparatus for measuring very large values of the min. separobilc for luminous 
squares on unilluniinated ground (range of measurements S to 100 cm). 

L represent transparent glass plates, on which black paper with a square aper- 
ture is pasted. The glass plates can each be placed in front of a lamp housing in 
the groove C. The hght from the lamps P is reduced by means of the iSiding blinds 

frosted glass plates A before it reaches the glass plates 
With the squares, vvliile being kept parallel to each other the two long Doices may 
j hand on the rails S by means of the wooden rods Mi and Mt, on 

which the distance between the boxes may be read at the marks ni and nt. 

In the other apparatus (fig. 6) each square was provided 
with a lamp housing, so that the distance between the squares 
could be increased considerably. The squares consisted in 
square » windows* in glass plates (L) elsewhere covered with 
black paper. The length of the sides of the squares varied 
from 0.5 to 20 mm (10” to 6’40”) . The glass plates with the 
squares were all of the same size namely 9 by 12 cm. Each 
plate could be placed in front of its lamp housing. The latter 
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was a narrow, closed box, 90 cm long, at one end of which 
the glass plate with the square was attached, while the other 
end was provided with a lamp holder with a lamp P (of 25 
or 100 watt). The light from this lamp was controlled hy 
means of a simple sliding blind, and homogenized hy passing 
through three frosted glass fillers and reflected from the 
white-painted walls of the box. The two long boxes could he 
moved parallel to each other along a pair of rails (S). The 
distance between the squares in mm could he read on a rule 
placed on two wooden rods Mi and Me, by means of which 
the boxes were moved. With this apparatus the space between 
the squares could be varied from 3 to 100 cm (10’ to 5*33’). 

Unilluminated squares on luminous ground. 
The unilluminaled squares on luminous ground were produced 
by pasting black, intransparent paper on transparent glass 
plates, one square on each plate. Pairs of glass plates with 
squares having the following lengths of sides were at hand: 
2 mm, 3, 4, 5, 7, 10, 15, 20, 25, 30 and 45 mm (40” to 15’). 
Each pair of glass plates could be placed close to each other 
(vide fig. 7) in two metal frames C and D, of which C was 
slidable in relation to D by means of the micrometer screw M. 
The accuracy with which the reading took place was 0.01 mm. 
The squares could be approached so as to touch each other 
and be removed to a distance of 35 mm from each other. It 
was easy to carry out the zero adjustment. When the glass 
plates were illuminated from behind the squares appeared 
unilluminated on a homogenous, luminous ground, 17.5 by 
23.5 cm (58’ by 78’). The arrangement is the same as the one 
used by Berger (1939). In all experiments where the illumina- 
tion of the object was kept constant, threshold brightness was 
— as previously mentioned — used for the background of the 
squares. 

b. Perception of movement. 

The test object (vide fig. 8) used for the experiments on 
perception of movement was a square aperture, 1.5 by 1.5 mm 
(30” by 30”), illuminated from behind, in an oblong, blackened 
metal plate which could be moved sideways on two rails (S) 
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by a crank mechanism (K). The latter was driven b}’ an elec- 
tromotor, the speed of rotation of which could be varied by 
means of a rheostat inserted in the circuit. 

The distance travelled by the metal plates (and conse- 
quently by the square) could be altered by stages of 1 mm 



Fig. 8. 

Arrangement for measuring the smallest recognizable */'^vfth a 

G two rails (S) are fastened by means of screws. An P.-.v™ k The 

square aperture slides along these rails. L Is moved by the position, 

amplitude may be regulated by slackening the wmg nut ^ and all g P 


(20”). A revolution counter incorporated in the apparatus made 
it an easy matter to find the frequency of the movement by 
means of a stop watch. When the whole apparatus was place 
in front of the illuminating system described on p. 89, the 
subject saw the square as a luminous, moving point on an 
unilluminated ground. 

At the experiments a frequenej’^ of 2 or 3 (excursions o 
both sides) per sec. was used. With regard to the reasons 
justifying the choice of this particular frequenej re erenc 
should be made to p. 149. 
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c. Form sense. 

The test objects used for the investigations on form sense 
were either a luminous square on unilluminated 
ground or a corresponding equilateral triangle. The 
size of tlie two figures was variable, as each of them re- 
presented the aperture in a blind illuminated from behind and 



Blind -with vnrinblo squnre npcrUirc for cxperinicnl.': on form sense. 

The two plates L have each n rlght-anBlcd aperture whlcli toscllicr form n square. 
While the IcB-hnnU plate on the figure Is rlgldlv connected to the bed plate G, the 
right-hand one Is made slidable along the rails S bv means of the micrometer 
screw M and the nut O. The length of the diagonal of the square can he read at m 
on the rule mt, which rends whole mlUmctrcs, and nt n» on the rttle nn. which rends 
tenths of mlUmctrcs. 

of a design similar to that of the so-called Foersfer's blind. 
(Aubert, 1865 . In the case of the square the blind ('tide 

fig. 9} consisted of two thin vulcanite plates (L) , each with an 
aperture in the shape of an isosceles, right-angled triangle. 
The size of tlie square formed by the two triangles could be 
varied by displacing one triangle along the diagonal of the 
square. This was carried out by means of a screw mechanism. 
The maximum lengtlr of the diagonal was 84 mm (28’). The 
accuracy with which tlie reading took place was 0.1 mm. With 
another and larger blind made from metal tlie accuracy was 
not so good (0.5 mm), but the range of measurements larger. 
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as Ihc* maximum diagonal was 144 mm (48’). By replacing the 
two thin platc.s of the last mentioned blind by another set, of 
which one is cut off straight, while the other has an aperture 
with an angle of 60*, the lest object was converted into an 
equilateral triangle. In that case the distance measured was 
the perpendicular on one of the sides. 

Test objects of thre-shold brightness were also normally 
used for the experiments on form sense, 

2. ArraueemenfH For f-ixperimenfs on Complex 
Fnncflon*. 

a. A 1 i g n i n g p o w 0 r. 

The test object used for the experiments on aligning power 
was a luminous slit, 1 mm (20”) or 2.5 mm (50”) wide and 
110 mm (87’) long, of threshold brightness on unilluminated 
ground. The .slit was produced by pasting black paper on two 
glass plates, so that each plate .showed one half of the slit. 
The plates fitted into the same metal frame which was used 
for the experiments on the min, separabile for unilluminated 
.squares (vide p. 9G). The two half parts of the slit could thus 
be displaced with an accuracy of 0.01 mm. The illuminating 
system was the same as the one described on p. 89. 

b. Discrimination of thickness of line. 

The experiments on discrimination of thickness of line were 
carried out with a luminous slit of threshold brightness in an 
unilluminated background as well as with a dark slit in a 
white ground illuminated from before. 

The apparatus for the experiment consisted of a large 
vulcanite plate (vide fig. 10) with a long, rectangular slit. Ad- 
joining one of the longitudinal sides of the latter were two 
small vulcanite plates (L), which could each be displaced by 
means of a micrometer screw (M), so that the width of each 
half of the slit could be varied with an accuracy of 0.1 mm 
(2”), Tlie length of the slit was also adjustable by means of 
the two .slidable plates (C). The maximum length of each half 
of the .slit was 55 mm (18’), the maximum width 30 mm (10). 
While one side of the apparatus was black, the other was 
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covered by white drawing paper. In lliis way the slit could 
be used both as a luminous slit and as a dark slit in white 
ground. In the latler case a wooden box lined with black, 
woollen material was placed behind the object, so that the 
slit was, as far as possible, > absolutely blacks. The illumina- 
tion, when from before, came from a lamp in a housing placed 
at some distance from the apparatus, vide p, 89. 


C. Course of Experiments and Calculation 

of Results. 

None of the subjects had been acquainted with the problem 
which the experiments were intended to elucidate. Even after 
a series of measurements the subject could only vaguely indi- 
cate the direction in which the results of the experiments 
pointed, as the conformity between the numerical results and 
the subject’s impression was very rOugh. 

In every experiment two thresholds were 
determined in alternate order for the func- 
tion examined. By always determining two 
thresholds alternatively the less well de- 
fined range between the two thresholds was 
passed through before every measurement. 
The definitions of the thresholds read appear 
from table V (vide next page). 

The movement of the squares when measuring the min. 
separabile and also the variation of the other test objects was 
always carried out so slowly that the subject had sufficient 
time to scan the object before — by rapping a signal — he 
had to register, that the expected threshold had been reached. 
In some of the experiments a momentary illumina- 
tion of the test object was, as previously mentioned, used, 
and the variable dimension was consequently varied by steps. 
As the apparatus was operated in semi-darkness, the micro- 
meter screw was not set at definite figures, but turned so far 
each time that the range between the two thresholds was di- 
vided in three to seven steps. Every time the shutter had been 
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Function. 

a. The min. 
separabile: 


b. Perception 
of movement 


c. Form sense. 


Function. 
a. Aligning 
power. 


b. Discrimi- 
nation of 
thickness of 
line. 


Table V. 

Definitions of the Thresholds Read. 


1. The Physiological Resolving Power. 


Threshold I. Threshold II. 


The minimum distance se- 
parating the squares •when 
diverging, that makes them 
appear clearly discrete. 


The largest angular 
distance between the 
squares at which 
they are seen to be 
contiguous. 


The smallest recognizable The largest move- 

movement of the luminous ment of the luminous 

point synchronous with the point which cannot 
actual movement of the be recognized, 
point. (By this definition it 
is avoided that the subject 
registers apparent move- 
ments.) 


The minimum length of si- 
de at which it is possible 
to recognize the angularity 
of the polygon. 


The largest length of 
side at which it is 
just impossible to re- 
cognize the angulari- 
ty of the polygon. 


2. Complex Functions. 

Threshold I. Threshold II. 

The minimum displace- The largest displace- 
ment of one half of the slit ment of the two hal- 
in relation to the other ves of the slit by 
which can be clearly . which tliey seem to 
recognized, »displacement be in alignment with 
threshold*. each other. 


The minimum discernible The smallest observ- 
increase in the width of able decrease in the 
one half of the slit. thickness of tlae same 

half of the slit. 
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released, i. e. for each step, the subject stated by a signal 
whether the threshold in question had been reached. 

In nearly all of the experiments 4 determi- 
nations of each of the two thresholds were 
carried out in alternate order. An essential reason why 
not more than 8 measurements were included in each series 
was the fact that the dispersion of the values of 
the thresholds increases with the number of 
individual readings, when this exceeds 5 to 8 
(Berger 1936). The phenomenon is probably due to fatigue. 

During each sitting, lasting about one hour, 8 to 10 series 
of readings could be carried out, each followed by a small 
pause, during which the subject could rest, while alterations 
in the arrangement were carried out. 

\Vhen the influence of a certain factor on the function was 
to be examined, e. g. the influence of the retinal eccentricity 
on the min, separabile, the factor was altered for each series, 
so that — in the instance mentioned — both thresholds were 
determined at 8 to 10 eccentricities. 

In order to reduce the effects of fatigue, if any, on the 
results, all experiments were repeated on another 
day taking the series in the opposite order, and then the 
average of each two corresponding series was calculated. The 
average values, each based on 8 readings, were 
taken as the experimental results proper, and 
a curve was plotted with the function examined as ordinate 
and the variable factor as abscissa. 

In order to obtain a view of the accuracy of the experi- 
ments separate investigations on the accuracy of 
the threshold determ iaiations with calculation of 
the standard deviation and variation coefficient were carried 
out for each test object. In this case it was necessary to carry 
out a larger number of measurements under constant experi- 
mental conditions in order to obtain a number of figures suf- 
ficient for the calculation. (10 measurements of each threshold 
divided in two series of 5 each, and the same experiment re- 
peated in the reverse order on another day) . 

The variations of the difference between the ordinates for 
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threshold I and threshold 11 could also be regarded as a 
measure of the accuracy, as the curves representing the two 
thresholds in some cases ran parallel to each other {vide e. g. 
fig. 17, p. 130), in other cases the slopes of the two curves 
were different although of the same tendency (vide fig. 11, 
p. 107). 

During the experiments it was often observed that the 
level of the thresholds shifted slightly from 
day to day, as also shown by Berger (1935) and Craik 
(1938). Such deviations, which are usually met with in sense- 
physiological experiments, (v. Kries 1923^^^), may be ex- 
plained partly by variations in the excitability of the sense 
organ and partly by the subject unconsciously altering his 
choice of threshold slightly from one day to another. 
On account of these day-to-day variations the absolute values 
can only be compared directly with a certain reservation. 



Chapter IV 


Experiments on the Physiological Resolving Power 1 

EXPERIMENTS ON THE MINIMUM 
SEPARABILE 

A. The minimum separahile for liuminons Points 
on IJnillnminated Ground at Different Retinal 

Eccentricities 

As already mentioned on pp. 64 and 78 the aim of the ex- 
periments was to determine the min. separahile hy central and 
indirect vision in order thereby to obtain a measurement of 
the diameter of the functional units. The test objects were 
luminous squares, 40 by 40 sec. of arc, on unilluminated 
ground. On account of the small visual angle the squares ap- 
peared to the subject as luminous points. 

The smallest eccentricity at which the min. separahile could 
be examined was 2’40”, as it was impossible to see the squares 
separated from the fixation target, when they were placed 
closer to it. Four series of experiments were performed within 
four ranges of eccentricity, namely: 0 — 10’ retino-nasally and 
retino-superiorly, 0 — 60’, 0 — 5°, and 0 — 10° retino-nasally. 
During the experiments in the range from the centre to an 
eccentricity of 10’ the squares were placed so that a line con- 
necting them was perpendicular to the meridian examined. In 
this way the eccentricity of the squares was maintained, when 
their relative distance was altered during the experiments. At 
eccentricities larger than 10’ both squares were placed in the 
meridian in question, as this was technically most convenient 
with the apparatus employed, and the position of the squares 
in relation to the meridian proved to be of no importance to 
the result of the experiment (vide p. 118). 

The min. separahile by central vision was 
found to he between 2.5’ and 4’ (vide fig. 11) 
in conformity with the values found by Aubert (1865^^®), 
(hi Bois Reymond (1886), Wertheim (1887), nan Heaven (1937) 
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Fig. n. 

The minimum sepnrablle for luminous squares on unilluminaled ground at various 
retinal eccentricities. 

Abscissa; Eccentricity in min. of arc or degrees. 

Ordinate : Min separabile in min. of arc. 

' ' Threshold I. 



relino-nasally retino-superiorly ccc. retlno-nasally 

a. b. 

a. Experiments in the retino-nasal and retlno-supcrior meridian from the centre to an 
eccentricity of 10’. Average of results from 3 subjects (M, A, S and A, V, S). 

b. Experiments from 0 to 1 “ retino-nasally. The points of the curve represent the ave- 
rage values for 5 subjects (M, G, S, V, A). At an eccentricity of 1<> threshold 1 for each 
^bject has been recorded. Moreover the extent of the rod-free area (according to 
Osierberg (1935 and Ko%Ur (1895)) has been marked oIT. 

and Berger & Buchthal {1938 a) with luminous points or very 
small squares (conf. p. 21). As the experiments were performed 
with squares of threshold brightness, the min. separabile deter- 
mined was smaller than by any other brightness (vide p. 126) 
and must be assumed to be a function of the mean diameter 
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c. Experiments from 0 to 5* rctlno-nasnlly. AvcmRc for 4 subjects (G, M, S, V). 

d. Experiments from 0 to 10* rellnonnsatly. Avemge for 3 sut)jocts (A, V, S), 


of the functional units. In the foveal centre it must thus be 
abt. 3 rain, of arc or abt. ISji. If it is assumed that the dia- 
meter of the cones here is 2.6 n (according to Qsterberg, vide 
P- 16) then the functional units in the foveal 
centre must each consist of several cones. The 
diameter of sucli a group may be estimated 
at abt. 6 times the width of a cone. 

By all readings outside the centre of the 
visual field, even the one at 2’40” from the 
fixation point, the min. separabile was found 
to be larger than in the centre (vide fig. 11 a). 
In the whole area examined up to an eccen- 
tricity of 10 the min. separabile increased 
uniformly with the distance from the fixation 
target. The steepness of the slope of the curve was some- 
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what different for the various subjects, most pronounced for 
G, M, S, less so for A and V. (vide fig. lib}. 

The boundary between central and indirect vision in the 
visual field or on the retina is quite naturally drawn at the 
eccentricity at which the min. separabile exceeds its central 
minimum value. It appears from the experiments both in the 
horizontal and in the vertical meridian that central vi- 
sion must be confined to a retinal area with 
a radius less than 2’40”. The extent of central 
vision is thus of the same size as the retinal 
fixation area, Avh ether this is determined ob- 
jectively or subjectively (conf. pp. 57 and 58) . 

It might have been expected that structural boundaries in 
the retina, especially the border of the rod-free area, had 
appeared as breaks in the curves. (Confer the fact that Pnr- 
kinje’s phenomenon cannot be produced at eccentricities 
smaller than 40’ to 50’, eccentricities exactly corresponding to 
the border of the rod-free area (44’ eccentricity) (e. g. Dieter 
1924). Confer further that Adler & Meyer (1935) found that 
the discrimination of thickness of line is con- 
stant within a » physiological fovea « extending to an eccen- 
tricity of 42’). As previously mentioned the min. separabile 
on the contrary increases quite uniformly with the eccentricity. 
This confirms the results found by Wertheim {1881) and Wey- 
mouth (1928), (vide p. 63), irrespective of the fact that the 
experimental conditions of these authors cannot be directly 
compared with those of the present investigation. An attempt 
to explain the very even course of the curve on basis of the 
retinal structure shows that there are several possibilities (conf. 
p. 68). In the first place the number of cones per 
unit of area may plaj’ a role. For one thing the diameter 
of the cones increases peripherally in the fovea, and their 
relative distance increases moreover when the rods 
appear. In the second place the number of cones connected 
to the same optic nerve fibre increases from a certain eccen- 
tricity, and it is finally possible that outside a certain area 
the units are not functionally separated. 

From the value of the min. separabile by central vision 
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Table VI. 

Osterberg s countings in the temporal retinal meridian. 


Eccentricity 

Number 

Calculated width of cones or 

of cones 
per 100 // 

distance between the centres 
of two neighbouring cones 

0 

38.4 

2.6 p 

32” 

10.8’ 

32.4 

3.1 - 

38” 

16.6’ 

29.1 

3.4 - 

41” 

17.4’ 

27.4 

3.7 - 

45” 

26.4’ Bods appear. 

23.7 

4.2 - 

51” 

43.2’ 

22.3 

4.5 - 

54” 

55.2’ 

20.3 

4.9 - 

59” 

1*34’ 

17.1 

5.9 - 

72” 

2*42’ 

15.2 

6.6 - 

80” 

4" 

12.3 

8.1 - 

98” 

17*42’ 

7.4 

13.5 - 

163” 

the width of the functional units in 

the centre 

was calculated 


at abt. 6 limes the width of a cone. If it is assumed that the 
functional units everj'where consist of the same number of 
cones, then the diameter of the units in the fovea 
may be calculated at 6 times the diameter of the cones 
and outside the rod-free area at 6 times the di- 
stance between the cones which prevails at tlie ec- 
centricity in question. In table VI the width of the cones and 
the distance between the cones respectively are calculated for 
various eccentricities on basis of Osterberg’s (1935 coun- 
tings of the number of cones per unit of area. 

On fig. 12 the calculated diameter of the functional units 
is compared with measurements of the min. separabile in the 
same retinal meridian. It appears from the figure that the two 
curves run parallel up to the border of the fovea and from 
here diverge. It thus seems as if the functional 
units everywhere in the fovea consist of the 
same number of cones per optic nerve fibre, 
Avhile outside the fovea they incorporate 
more cones, or it is possible that they are 
no more functionally Separated from each 
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The min. sepnrabllc for luminous squares on unlUumInntcd ground up to n re- 
tlno-temporat eccentricity of 2“. Average for 3 subjects (G, M, §). On the graph a 
curve Is plotted showing the diameter of the functional units calculated from the 
countings of the number of cones per unit of area performed by 0st/rberf (7935 **) on 
the assumption that the diameter of the functional units Is always — ns In the foveal 
centre — equal to 6 times the width of the cones or the distance between the centres 
of two nelCDourlng cones respectively. 

Abscissa; Eccentricity In degrees. 

Ordinate: Min. separablle In min. of arc. 

Threshold I. 

Threshold II. 

...... The calculated diameter of the functional units at the eccentrlcltv In 

question. 


other on account of a dispersion of the im- 
pulse (conf. p. 71). 

The fact that the distance between threshold I 
and threshold II (vide fig. 11) increases with increasing 
eccentricity can probably be explained by the gradually in- 
creasing difficulty with which the subject judges whether the 
squares are separated or not. 

The accuracy of the experiments. 

Separate experiments were performed on the reliability of 
the technique used for the investigations on indirect vision 
and also in order to establish a basis for a discussion of the 
results. 

The experiments consist in series of determinations of the 
thresholds carried out by central vision and by an eccentricity 
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of 30\ l’, 1*30’, and 2*. others at 5* and 10* and, finally, for 
one subject (\^| at an eccentricity of 15*. In order to obtain 
a number of readings so large, lliat a reckoning of the experi- 
mental error may be based on it, series consisting of 5 deter- 
minations of each threshold were carried out, and each series 
was repeated after a short pause. By repeating the whole 
experiment on another day with the series in tlie reverse order 


a total of 20 threshold determinations under the same experi- 
mental conditions was obtained. 

Tlie dispersion of the threshold determina- 
tions on both days together was taken to indicate 
the accurncy of the experiments. The calculation was per- 
formed in the following manner: 

The dispersion (Sj of the threshold deter- 
minations of all series from both days is calculated from 
the formula: 


/pt • of -f 


n — r 


where pi and p 2 are the numbers of measurements in each 
series (i. c. 10), oj and the standard deviation of both series, 
n the total number of readings (20) and r the number of 
series (2). 

In order to express the dispersion in rela- 
tion to the dispersion range of the mean va- 
lues a coefficient of variation, K, is calculated from the 
formula: , 


K = 


Pi • Kj -f- ps • K2 


n 


where Ki and Ks are the variation coefficients for tlie mean 
values nil and mo of the min. separabile for each of the two 

days (e. g, Ki while the other letters denote the 

nil 

same things as in the above formula. 

The results of the experiments, i. e. the mean values of 
the min. separabile, the calculated dispersion S and the varia- 
tion coefficient K appear from the table VII. In fig. 13 the 
mean values of the min. separabile has been plotted against 
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Fig. 13. 

The minimum separablle for luminous squares on unilluminatcd ground al various 
retinal eccentricities. Hxpetiments on the accuracy of the measurements. The radii of the circles 
drawn round the points of the curve represent the dispersion of the threshold values, 
measured in minutes of arc. 

Abscissa; Eccentricity, retlno-nasally, In degrees. 

Ordinate : The min. separablle In min. of arc, 

Threshold I. Threshold II. 



a. Experiments in the range from 
0 to 2“ of eccentricity. Average values 
for 3 subjects (G, M, S), 



b. 

b. Experiments at an eccentricity 
from 5“ to 10°. Average values for 
2 subjects (A and S). 


the eccentricity. Round each point of the curve a circle has 
been drawn, the radius of which is the dispersion in minutes 
of arc. 

It appears from the table and from fig. 13 a that within 
the area from the centre to an eccentricity 
of 2 the dispersion S increases with increa- 
sing distance from the centre (on. an average from 
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Tnblc VII. 

Dispersion and variation coefficient in experiments on 
the minimum scpnrabile at various eccentricities. 

a. 0 — 2* retino-nasal eccentricity. 

The minimum scparabilc (average value for two days). 


7'hreshold I Subject 

0 

30’ 

I* 

1*30’ 

Number of 
2° readings 

G, 

4.6’ 

6.5’ 

9.9’ 

12.7’ 

14.9’ 

20 

M. 

3.5’ 

6.1’ 

7.3’ 

9.3’ 

11.4’ 

20 

S. 

3.0’ 

5.2* 

7.7’ 

10.9’ 

14.1’ 

20 

Average 

3.7’ 

5.9’ 

8.3’ 

10.9’ 

13.4’ 

60 

Threshold II G. 

3.3' 

4.5’ 

7.3’ 

9.6’ 

11.5’ 

20 

M. 

3.r 

5.6’ 

6.7’ 

8.4’ 

10.5’ 

20 

S. 

2.4’ 

4.0’ 

6.0’ 

8.0’ 

9.9’ 

20 

Average 

2.9' 

4.7’ 

6.7’ 

8.6’ 

10.3’ 

60 

Dispersion (S) of threshold values. 





Threshold I G, 

0.22’ 

0.35’ 

0.67’ 

0.52’ 

0.32’ 

20 

M. 

0.14’ 

0.17’ 

0.29’ 

0.42’ 

0.43’ 

20 

S. 

0.10’ 

0.21’ 

0.18’ 

0.30’ 

0.48’ 

20 

Average 

0.15’ 

0.24’ 

0.38’ 

0.41’ 

0.41’ 

60 

I’hreshold JI G. 

0.17’ 

0.36’ 

0.48’ 

0.66’ 

0.35’ 

20 

M. 

0.10’ 

0.20’ 

0.30’ 

0.33’ 

0.27’ 

20 

S. 

0.12’ 

0.20’ 

0.15’ 

0.16’ 

0.44’ 

20 

Average 

0.13’ 

0.25’ 

0.31’ 

0.38’ 

0.35’ 

60 

Variation coefficient (K). 






Thre-shold T G. 

5,1 

5.7 

6.8 

4.2 

2.1 

20 

M. 

4.0 

2.8 

3.9 

4.6 

3.5 

20 

S. 

3.1 

4.0 

2.3 

2,7 

3.4 

20 

Average 

4.1 

4.2 

4,3 

3.8 

3.0 

60 

Threshold II G. 

5.4 

8.7 

6.7 

3.7 

3,8 

20 

M. 

3.3 

3.6 

4.5 

4.0 

2.4 

20 

S. 

5.2 

5.2 

2.6 

2.0 

4.3 

20 


4.6 5.8 4.6 3.2 3.5 


Average , 


8 



IM 


b. Eccentridtij 5'-~1b\ (Suhjerl A and S rtUtm-mmUtj, 
subject V relhio-tcmpnrnihj). 


The minimum sepurnbilv (Ancrtn/c miinc for two dnij.t). 


.Subject 

m * 

if 

10* 15* 

NtJUiher of readings 

Threshold 1 A. 


29’ 

20 

V. 

7.T 

9.5’ 22’ 

20 

S. 

34’ 

79’ 

20 

Threshold II A. 

4.7* 

14’ 

20 

V. 

3.0’ 

5.7’ 

20 

S. 

12' 

19’ 

20 

Dispersion (S) of /hre.s/joh/ ntiinrs. 


Threshold I A. 

0.34’ 

1,00* 

20 


J .58’ 

2.31* 0.8* 

20 

S. 

2.45’ 

5.3* 

20 

Threshold 11 A. 

0.31* 

0.9’ 

20 


1.54’ 

1.4’ 

■io 

S. 

i.ir 

2.2’ 

20 

Variniion coefficient 

(K). 



Thre.shold I .V. 

4.7 

5.5 

20 

V. 

O.G 

0.0 9.7 

20 

S. 

7.7 

0.8 

20 

Threshold U A, 

0.8 

(>.5 

20 

V. 

11.0 

0.8 

20 

S. 

9.3 

fi.O 

20 

0.15’ to 0.40') while the v 

aria lion i 

c o e f f i c i e n 1 K d e- 


creases {from abl. 4 to 3 for threshold I nud from nhl, 4.5 
to 3.5 for threshold II). Whether the variation coefficient in 
reality decreases cannot he settled on the basis of our present 
knowledge, hut there is in any case no question of a dimi- 
nishing of the percentage accuracy with the eccentricity. U is 
further seen that the variation coefficient is on the whole larger 
for Uireshold II than for Ihre.shold 1. 

Wl\en comparing the results from the range 5* to 15* 
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with the corresponding figures for the range 0° to 2” the re- 
servation must be made that only one of the subjects has 
participated in both experimental series. The experiments with 
subjects A and S were carried out in the retino-nasal meridian, 
that with subject. V in the retino-temporal. It appears from 
table VII and fig. 13b that the dispersion Sincrea- 
ses with, the eccentricity, and that the variation 
coefficient is constant (abt. 6 at threshold I). The 
only measurement which exists at an eccentricity of 15° is 
considerably higher, however, (abt. 10). For threshold II the 
figures are somewhat higher than for threshold I as in the 
range from. 0° to 2°. The fact, that the percentage accuracy is 
lower in the range from 5° to 16° than in the more central 
area, is probably due to the circumstance that owing to the 
curtailment of the visual field, it was impossible to use an 
artificial pupil at eccentricities larger than 5°. 


B. The Dependence of the niinimnm separabile 
on the Retinal Beridian 

As mentioned on page 62 already Aubert & Foerster (1857) 
found that the rate at which the visual acuity measured by the 
rain, separabile for objects illuminated from before decreased 
with increasing eccentricity was higher in the vertical meri- 
dian, than in the horizontal. If points in the visual field having 
the same min. separabile are connected the result will be cur- 
ves. in the form of ellipses placed transversely. Hirschberg 
(1878) called, these figures isopters, a name which is still 
used frequently. Wertheim (18.94) found that for objects con- 
sisting of gratings illuminated from behind the isopters were 
roughly parallel with the outer boundaries of the visual field, 
so that, the rate at which the visual acuity decreased was 
greatest in the upper part of the vertical meridian of the 
visual field, less high in the lower part of the meridian, still 
lower nasally, while the visual acuity was best temporally. 
No essential objections have since been put forward against 
these results. 


8* 
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VUiOO GI.K.'tMi;*srN 


As Ihe Iccliniquc of the fxpt-rimrnls inenlioned wns no! 
such as lo render U possible lt> draw any condusions wiJh 
rc{?ard lo the slruclure of Ihe fovea (vide p. 02). il was dcsi- 
rable to perform new experiments on this problem ns pnrf of 
the present investigation. For this purpose the rnin. separabile 
was determined uj) to an eceentrieily of 2* (in one experiment 
to 5’). Tlic squares were lO" l>y *10”. they were luminous on 
unilluminalcd ground: the line connecting the two squares was 
always liorizonlal, irrespective of the ujeridian examined. 
Readings were taken in two meridians during one experiment, 
in order to make the results more com{».a rable, as the day-to- 
day variations (vide p. 101) were hereby eliminated. 

By the e x p e r i m e n I s the jn i n. s e p a r a b i 1 e (side 
table VIII) for 4 out of 5 subjects was found to 
be smaller in the r e t i n o - n a s a 1 or r e t i n o - 1 e m p o- 
ral meridian than in the r e I i n o-s n ]> e r i n r from 
abt. 2* and outwards. For the fifth subject (M) the 
opposite was the case, although the difference found was .so 
small that it could hardly he taken into account. X o de- 
finite difference could he verified between 
the two half parts of the horizontal meridian, 
although the slight difference shown by the figures is of the 
.same tendency as the one found by Wcrllicim. 

Tlie different positions of Ihe isopters in the various 
meridians can bo explained by the same theories which were 
applied lo the variation of indirect vision along the individual 
meridians, namely, optical factors, practice and attention as 
well as structural factors. The difference iti the refraction in 
the vertical and horizontal meridian plays hardly any role 
at eccentricities smaller than abt. 10* (vide p. 52), nor is it, 
probable that practice effects or attention should be especially 
attached lo the horizontal meridian. Among structural factors 
the d i s I r i b ii I i o n of the cones will, within an 
eccentricity of abt. 0*, scarcely be of any 
importance, but quite possibly ju o r e periphe- 
rally. By his countings Osterberg (1935 thus found the 
same reduction in the number of cones per unit of area in all 
meridians within this limit, while peripherally the number 
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Table VllL 

The minimum separabile (threshold 1) at various 
retinal meridians. 

a. Rctino-nasal and retino-superior meridians. 



0 

30’ 

1' 

1*30’ 

2' 

Eccentricity 

Subject 

G. 3.9’ 

4.6’ 

6.7’ 

8.7’ 

9.4’ 

retino-nasally 


5.3’ 

7.8' 

10.6’ 

12.5' 

reh'no-superiorly 

Subject 

M. 3.5* 

5.5’ 

6.4’ 

8.5’ 

10.1’ 

retino-nasall}’^ 

5.3' 

6.4’ 

7.5’ 

9.7’ 

retino-superiorly 

Subject 

S. 3.3’ 

5.0' 

7.5’ 

9.6’ 

11.6’ 

retino-nasally 

5.4’ 

8.1’ 

II.O’ 

12.8’ 

retino-superiorly 

b. Rctino-nasal and rciino-tcmporal meridians. 


0 

30’ 

r 

rso' 

2' 

Eccentricity 

Subject 

G. 3.8’ 

5.7’ 

9.0’ 

10.9’ 

13.8’ 

retino-nasally 

5.5’ 

8.6’ 

10.6’ 

14.4’ 

retino-temporally 

Subject 

M. 3.6’ 

5.5’ 

6.9’ 

7.6’ 

9.0’ 

retino-nasally 

5.4’ 

6.7’ 

8.6’ 

10.3’ 

retino-temporally 

Subject 

S. 3.9’ 

5.3’ 

7.7’ 

10.1’ 

12.2’ 

retino-nasally 

5.3’ 

7.9’ 

10.5’ 

12.3' 

retino-temporally 

c. Retino-temporal and refino- 

superior 

■ meridians. 


0 

30’ 

r 

1‘30’ 

2° 

Eccentricity 

Subject 

A. 3.0’ 

4.1’ 

5.2’ 

6.4’ 

8.0’ 

retino-temporally 

4.5’ 

6.3’ 

8.1’ 

10.2’ 

retino-superiorly 

Subject 

V. 3.5’ 

5.6’ 

7.0’ 

8.5’ 

9.5’ 

retino-temporally 

7.5’ 

8.2’ 

9.8’ 

12.0’ 

retino-superiorly 


of cones in the retina decreased more rapidly downwards and 
temporally than upwards and nasally. 

It is fulher a probability that the functional units (»cone 
groups*) have oval shape with the longest diameter horizon- 
tally, and this would probably have the effect that the min. 
separabile for squares placed side by side would be larger than 
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Tabic IX. 


The minimiun scpnrabilc with the squares in iliffcrcnt 

positions. 


a. 0 — 2* rctino-nnsally. Average for .7 sublects (G.M.S.). 


Ecc. 


Threshold I 
Threshold II 


0 

30* 

r 

1*30’ 

2* 

4.r 

5.9’ 

7.9’ 

9.8’ 

12.1’ 

4.r 

5.5’ 

7.8’ 

8.3’ 

10.8’ 

3.2’ 

4.8’ 

0.4’ 

H.O’ 

10.0’ 

3.2’ 

4.5’ 

0.2’ 

7.0’ 

8.9’ 


Position of squares 

Side by side 
On top of each other 
Side by side 
On (op of encli other 


h. 0 — 5’ rctino-tcmporaUg. 

Ecc. 0 2* r 


5* Position of sqvtnres 


Thrc.shold I 

Subject A. 
Threshold II 

Threshold I 
Subject y. 
Threshold II 


3.0’ 

5.2’ 

7.2’ 

8.8’ 

Side by side 

4.0’ 

5.5’ 

7.4' 

8.3’ 

On top of e;u:h olher 

1.7’ 

3.r 

3.9’ 

5.5’ 

.Side by side 

2.9’ 

3.8’ 

5.3’ 

0.2’ 

On top of each other 

3.0’ 

0.4’ 

8.5’ 

11.3’ 

.Side by side 

7.5’ 

7.3’ 

8.4’ 

11.0’ 

On top of each other 

1.0’ 

3.3’ 

4.2’ 

5.8’ 

Side by .side 

3.0’ 

5.0’ 

4.9’ 

0.7’ 

On top of each other 


for squares placed on top of each other. In order to find out 
whether this is the case, some determinations of (he min. sepa- 
rabile were carried out at eccentricities up to 5’ and with 
squares placed cither side by side or on top of each other. 
According to table IX, in which the results arc recorded, the 
position o 1 the squares .seems to have no well- 
defined influence. 

It is seen from table IX b that tlic central min. scparabilc for the 
two subjects A and V is smaller tor squares side by side than for 
squares on toj) of cacil other. Tliis must probablj' be taken to indicate 
a slight astigmatism in the two subjects. At eccentricities of 4* and 5’ 
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no differences could be traced which seems to show that a slight 
astigmatism has a certain effect on central vision, hut a much smaller 
one on indirect vision. 

The difference in the size of the functional 
units which was found to exist at small eccen- 
tricities (<5”) must consequently probably be 
due to a corresponding difference in the distri- 
bution of nerve fibres to the individual retinal 
meridians. 

C. The fnflnence of Attention and Fixation 
Tarj^et on the minimnm separahlle. 

It has previously been mentioned (p. 54) that the attention 
seems naturally attached to central vision. This may e.g. be 
observed in connection with reading, when the peripheral 
visual field is so much relegated to the background of the 
mind that it hardly seems to exist. If it is therefore the inten- 
tion to observe an object by indirect vision, it must be endea- 
voured to divide the attention between the central and indirect 
vision, i.e. fixating a certain point with central vision and at 
the same time focussing the attention as far as possible on the 
indirectly seen object. The fact that the acuity of central vision 
decreases hereby was observed by Purkinje (1825^^) and later 
by Holm (1923), but as no quantitative experiments has 
hitherto been carried out, it was thought desirable to perform 
new, orientating experiments on this problem. 

One aim of these experiments was to determine the extent 
of the central visual field on which it is possible to fix the 
attention simullaneously without diminishing the acuity of 
central vision, another to find out whether indirect vision 
suffered any detrimental influence by the attention being 
especially concentrated on central vision, A number of experi- 
ments with various fixation targets were finally performed in 
order to determine w'hether the choice of fixation target wms 
of any importance for indirect vision. 

Two pairs of luminous squares, 50” by 50”, on unillumi- 
nated ground were used for the experiments. One pair of 
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hg. Pi. 

Tho miiilmitm sr'[)nrnliilc (or liimliioMi t<jirJrf« on fifounti. rewturet! 

in (lie sniiie cxperinn'iU with two |>.iir» of rtiiiarr-s i>]arfi! *.o na lo iceii J/j f^nlfai 
and indirect vision resperlively, tlie allentioii in somr id i!ir serifs of teadmt:*. {/cins 
tociisscd on one set of siiunrcs, in others on holts. The iitipcf td»;e tit the rretanKies 
represent llireslinld 1 and Die lower edpe tlifs'sliold !I. Ttie creenlririty ot the (nuare? 
seen indirectly is indle.ated liy Die nmnlxfrs tieloss- the IlKore. 

Ordinate: Min, scparnliile in min. o( arc. 


rrfeistrielly 



a. The min. scpnraliilc determined by rentrnf viiion. Kor rafts of Die ihtre icitjecH 
icadinRs have been taken wltli the i’ndirreily »ern sittiarrs j'tsred at three dvCftrrni 
eccentricities, represents the min. actiataldlr for renlral vision w-hess the fttlrr.tior 
is concentrated on the “Uxation SRoarev □ denotes Dsr sansi" rcin. serarahilr ssher 
the attention durinc Ihr rcadiiiRs includes Itsr indirertly seen si)vs.srrs as we!), 


squarc.s was used as fixation target, the otlier was placed at a 
certain eccentricity. For each .subject an expcrifnenl was carried 
oul al each of the following cccenlriciltcst 20’, 30’, and 2\30’ 
(or 1*), each experiment consisting of eight series of readings, 
and each scries consistitig of four individual readings of both 
thresholds. In the first series the min. separabile was deter- 
mined centrally, in the second it was determined at the eccen- 
tricity in question — the subject being instructed to regard 
the other pair of squares as merely an ordinary fixation target 
and not to worry whether the .squares appeared discrete or not. 
The » fixation squares* were fixedly adjusted according to the 
figure found for threshold I by tho first series of readings. In 
the third series of readings the distance between the central 
squares was also the same. In this case the .subject was 
instructed to make sure that ho could al any time see the 
fixation squares separated, and the min. separabile was then 
determined by indirect vision. In the fourth series of readings 
the experiment was performed in the opposite manner, the 






CENTRAL AND INDIRECT VISION 


121 


eccentricity 



b._ The min, scparabile determined by indirect vision. The min. separabile is deter- 
mined for_3 subjects at three ditlercnt eccentricities. % denotes the min. scparabile by 
indirect vision, the squares scon by central vision being regarded as fixation target 
oniy. □ denotes the same min. scparabile when it is endeavoured to divide the attention 
equally between both sots of squares. 


squares seen indirectly being adjusted according to threshold 
I as determined in the second series. The subject now had to 
see these squares separated, while the min. separabile was 
determined centrally. The four last series of readings were 
the same as the four first, but in the reverse order, so that 
an average could be taken of each pair of series. The results 
of the experiments are recorded in fig. 14. 

' I can be seen from the graph that the central vision in all 
three subjects deteriorated (the min. separabile increased) when 
the attention could not be concentrated on central vision only, 
but had to include the indirectly seen object, even if this was 
placed at a distance of 20’ only from the centre. When — con- 
versely — the min. separabile was determined by indirect 
vision, and the attention had simultaneously to be directed 
against the fixation target, then the min. separabile increased 
as well, i. e. the indirect vision deteriorated. This, however, 
did only occur when the eccentricity was above a certain 
minimum, the size of the minimum differing for the three 




122 


VIGGO GLEMMESEN 


different subjects. In subject S. f. inst. the min. separabile did 
not increase by divided attention at eccentricities of 20’ and 30’, 
but at 60’, while subject A was able to cover an eccentricity of 
20’ but not 30’, before the min. separabile increased. In subject 
V the indirect vision deteriorated already at an eccentricity of 
20’ when the attention was divided. 

It can thus be concluded from the experi- 
ments that it is hardly possible to encompass 
a central area of the visual field larger than 
a part of the fovea with the same amount of 
attention. The experiments moreover confirm 
the observation made by P ur kin j e that if the 
attention is diverted from the central to the 
indirect vision, or vice versa, the visual acuity 
is reduced in the central or peripheral area 
respectively. 

The explanation of the fact that the physiological resolving 
power can thus be altered by a central factor is probably to 
he found in a » displacement of the thresholds® by the subject 
under the existing conditions (conf. p. 104). 

In conjunction with the investigations on the influence of 
attention on indirect vision an experiment on the suitabi- 
lity of various figures as fixation targets shall 
be mentioned here. It would be quite reasonable to assume 
that fixation targets of different shape did not attract the atten- 
tion equally much, or that it was more difficult to fixate e. g. 
a point object than a cross-hair continuously for some time, 
as the latter would stimulate a larger retinal area and would 
consequently hardly be so susceptible to fatigue-phenomena. 
A defective fixation would probably manifest itself in a ten- 
dency of the fixation axis to deviate in the direction of the 
indirectly seen object, and especially so by small eccentricities. 
On account of these deviations it would be natural to assume 
that paracentrally the min. separabile was found to be smaller 
for an inferior than for a good fixation target. 

In order to investigate this problem the min. separabile was 
determined at an eccentricity of 30' with four different fixation 
targets. The series of readings were each carried out twice and 
in different order with the three subjects. 
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The four fixation targets were: 

a. A luminous square, 40” by 40”, on unilluminated ground. 

b. A luminous square, 4’ b 3 ' 4’, on unilluminated ground. 

c. An unilluminated square, 4’ by 4’, on luminous ground. 

d. A luminous T-shaped slit, each of the limbs being 15' 
long measured from the point of intersection. (The 
object was of somewhat larger dimensions than the 
fixation target usually applied (conf. p. 87). 

The test object consisted of two luminous squares, 40” bj’ 
40”, on unilluminated ground. The luminous intensity of the 
fixation target or its background was kept constant somewhat 
above threshold brightness. As result of the experiments, vide 
table X, no marked difference in the values corresponding to 
the four fixation targets was found. The experiment 
thus did not furnish anj’ proof that the shape 
of the fixation target has an influence on the 
min. s e p a r a b i 1 e b indirect vision. 


Table X. 


The minimum separabile at an eccentricity of 30’ by 
different fixation targets. 

(Average values for 3 subjects.) 


Fixation target: 

Threshold I 
Threshold II 


Luminous Luminous Unilluminated Luminous 


square square 

40” by 40” 4’ by 4’ 

5.0 4.9 

2.1 2.2 


square T-shaped 
4’ by 4’ slit 

5.0 1.5 

2.1 2.4 


D. The Dependence oJ the minimum separabile 
on Illumination. 

1. The In?lnence of Intensity. 

The authors who have investigated the variation of the 
min. separabile for luminous objects with the illumination of 
the object have obtained different results (vide pp. 28 and 29) . 
\^Tiile Berger & Buchthal (1938 a) states that the min. separa- 
bile increases uniformly with increasing illumination and 
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increases most for small squares, less for large squares, Hecht 
& Mintz (1939) maintains that the opposite holds in the case 
of very large objects. And it was finally found by Wilcox 



2° ecc. 


5“ ecc. 


5“ ecc. 


Fig. 15. 

The minimum separabile al a 
retinal illumination varying from 
threshold brightness to glare. 
Objects: luminous squares on 
unilluminatcd ground. 
Abscissa: the logarithm of the 
retinal illumination in 
lux. 

Ordinate: min. separabile in min. 
of arc or sec. of arc. 


centrally 


a. Experiments -with small squares, 
40" by 40". To render the graph 
.more perspicuous only threshold 
I has been plotted. The experi- 
ments were carried out centrally 
and by indirect vision with 3 
subjects. 


log. retinal lllumlnutlon (Lux) 


a. 
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^su^cck*^(A'"and'v*) * 5 uarM. 13' 20" by 13' 20". by central vision. Average lor 

(1932) that for objects of medium size the min. separabile first 
decreases to a certain minimum and then again increases. 

As it has previously (p. 31) been pointed out neither 
Wilcox’ nor Hccht & Mintz’ results are directly comparable 
with those of Berger & Buchthal, as the latter are the only 
investigators who have kept the eyes of the subjects properly 
and constantly light-adapted. It is not certain, however, whe- 
ther this fact can explain the difference between the experi- 
mental results. Perhaps the reason is to be found in the highly 
diverging sizes of the objects. The fact that the curve found by 
ITi/cox (with objects of medium size) can be regarded as lying 
between the results found by Berger & Buchthal and those of 
Hecht & Mintz speaks in favour of this theory. 

In explanation of their results Berger & Buchthal say that 
by increasing retinal illumination the dispersion of the light 
in the eye tend to shift the border lines between illuminated 
and unilluminated retinal areas at the cost of the unilluminated 
areas, i. e. in this case the space between the squares. For larger 
objects, as those used by the other authors, the min. separabile 
is smaller than the optical resolving power of the eye. The 
» unilluminated* space between the images of the object will 
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in this case never be quite unilluminated. As a consequence of 
this the min. separabile is a function of the differential thres- 
hold for this particular area, i. e. quite a different function 
from the one investigated by Berger & Buchthal (conf. p. 31). 

In order to test the tenability of these view points and — 
what has not been done before — to verify Berger & BuchthaVs 
results, experiments were carried out on the min. separabile 
with squares of varying brightness. ^The experiments were 
performed with squares of two different sizes, one 40” by 40” 
and another 13’20” by 13’20”. The latter squares were twice 
as large as the largest squares used by Berger & Buchthal, but 
the length of the side was only % of the length of the luminous 
slits used by Wilcox. As the arrangements with the wedges 
could not be used for such large squares, they had to be 
prepared as one contiguous rectangle divided in halves by 
copper wires of varying thickness (vide p. 93). In addition to 
the experiments performed centrally others were carried out 
by indirect vision (at an eccentricity of 2° or 6“), as no records 
of such experiments seem to exist. 

The experimental results appear from fig. 15. In conformity 
with the results found by Berger & Buchthal (1938 a) it was 
possible with small squares to trace a uniform increase of the 
min. separabile with increasing retinal illumination from 
threshold brightness to glare. 

By indirect vision the results were the same, but 
the shape of the curve was more irregular. In the case of the 
large squares (fig. 15) the course of the curves is different 
from that corresponding to the small ones. The min. separabile 
starts by diminishing with increasing retinal illumination, then 
it remains constant for some distance and finally it increases 
slowly. The shape of the curve thus corresponds to the one 
described by Wilcox and to the dependence of the differential 
threshold on the illumination (vide p. 7). 

The experiments on the dependence of. 4 he 
min. separabile on the illumination thus con- 
firm the hypothesis from which we started, 
namely that the result depends upon the size 
of the squares used. In the case of small lumi- 
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nous squares, where the min. separabile is a 
measure of the size of the functional units, it 
increases uniformly with the retinal illumina- 
tion both by central and indirect vision. In 
the case of luminous squares which are so 
large that the min. separabile determined is a 
function of the intensity discrimination of 
the eye, it varies with the intensity in confor- 
mity with this fact. 

2. Continuous Illumination and Momentary 

Illumination. 

The only experiments on the dependence of the min. sepa- 
rabile on the exposure time of the object, which are recorded, 
were made by Graham & Cook (1937) with a luminous grating 
as test object. According to these experiments the min. separa- 
bile decreases with increasing illumination time up to a certain 
point, but as the experiments are performed during slight dark 
adaptation and with such a large object that the min. separa- 
bile is a function of the intensity discrimination, it was found 
desirable to carry out new experiments. 

The min. separabile was therefore determined for luminous 
squares (40” by 40”), with series of threshold determinations, 
both by continuous illumination and momentary illumination 
of varying duration. The experiments were carried out both 
centrally and at an eccentricity of 2° retino-nasally. The 
momentary illumination of the squares was produced by 
placing a photographic shutter (vide p. 89) before them. The 
experimental results are seen from fig. 16. While the min. 
separabile by central vision seems to be independent of the 
exposure time, threshold I at an eccentricity of 2* is conside- 
rably lower for momentary illumination than for continuous, 
and the difference is the same whether the time of illumina- 
tion is 0.07 or 4 seconds. The influence on threshold II is not 
so certain, however. The result by central vision was verified 
by an experiment with a great number of threshold determi- 
nations (40 readings, divided in 8 series on two days) both by 
continuous illumination and by an illumination of 1 second. 
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Comparative experiments on Itic min. separabilc by conlintioiis iUuminalion and 
by momentarv jllumUialion. 

Objects; Luminous squares, 40" by 40", on unilluminated Rround. Average for 3 sub- 
jects (M, G. S). 

Ordinate: Min. separabilc in min. of arc. The upper edge of the rectangle represents 
threshold I, the lower edge threshold 11. 

a. Central vision. The min. separabilc bv continuous illumination («) and momentary 
itUimination from 0.07 to 4 seconds. 


b. At an eccentricity of 2° rctino-nasally. The same exposure time as centrally. 

c. Same experiment by continuous illumination and momcnlarv illumination from 0.07 
to 1 second. 


Vide table XI. In addition to the min. separabilc the table 
records the dispersion of the threshold determinations calcu- 
lated according to the formula mentioned on page 111). 
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Table XL 


The minimum separabile by central vision for luminous squares 
on unilluminaled ground by continuous illumination and by 
illumination periods of 1 second. 


Average for 3 subjects (M. G. S.). Each figure is the result 

of 120 readings. 


Threshold I: 


ConlinuousIUuminathn: 


Minimum 

separabile 


Dispersion of 
threshold 
determinations 


Momentary Jtiofl second; 


Minimum 

separabile 


Dispersion of 
threshold 
determinations 


204” 13" 


186” 


12 ” 


Threshold II: 164" 11” 


152” 


12 ’ 


It might he assumed that the influence of the exposure 
time was dependent on the retinal eccentricity. In order to 
investigate tliis, the min. separabile was determined at various 
eccentricities and with momentary illumination (0.11 sec,), 
vide fig, 17. It appears from the curve that the difference 
between the two thresholds is smaller by momentary illumina- 
tion than by continuous illumination, so that the divergence 
with increasing eccentricity is only slight. This seems mainly 
to be due to a diminishing of threshold I, a fact which may be 
explained in several ways. 

Broca & Sulzcr (1902) and Lehmann (1905 have obser- 
ved that the brightness of sensation is increased 
by momentary illumination, probably the same 
phenomenon as the one that manifests itself electro-physiologi- 
cally in an increase in the impulse frequency (Adrian & 
Matthews, 1927 a). It is not very probable that the phenomenon 
has any influence on the min. separabile when the latter is a 
measure of the size of the functional units. Besides it is hardly 
probable that such an effect would occur by a » momentary 
illumination* lasting 4 seconds. The high figures for the 
min. separabile by continuous illumination might also be due 
to an adaptation to the stimulus. (Adaptation is 
here taken to mean the state of habituation towards a stimulus 
observed in all sensory organs. As an example it may be men- 
tioned that the receptors of the skin quickly adapt themselves 

9 
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Fig. 17. 

The minimum scparabilc at vari- 
ous retinal ccceniricilies bv continuous 
illumination (») and momentary il- 
lumination (0.11 see.). 

Object; Luminous squares, 40" by 
40", on unilluminated ground. 
Average lor 3 subjects (M, 
G. S). 

Abscissa: Eccentricity in degrees. 
Ordinate: Min. separabile in min. ol 
arc. 

' ' '■ ■ ■ Threshold I. 

Threshold II. 


eccentricity 


to constant surroundings so that the sensation vanishes com- 
pletely. Whether the phenomenon should be called fatigue or 
adaptation is mostly a matter of definition (Adrian 1928^°°)); 
It can be seen from the following that the adaptatioli may 
have a different' influence on the two thresholds. WTiile by deter- 
mination of threshold II the retinal images of the two squares 
converge towards each other bn receptors not stimulated on 
beforehand (»not fatigued*), the opposite takes place when 
threshold I is being determined. Here it is a question of per- 
ceiving the space between the squares, but as these recede from 
each other the increase of the space falls on receptors which 
the image of the squares has just left — i. e. the receptors are 
in a stimulated (» fatigued*) state. This phenomenon will cause 
an increase of threshold I only and will disappear by momen- 
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continuous III. 


momentary III. 



fig. JS. ceccntrlclly retlno-nasally 

The minimum separabile for uniUuminated squares (3' 20" by 3' 20°), on luminous 
groBnd at various retinal eccentricities, by eontliutons itiumination ana momentary 
illuminalion (0.07 sec.). Average lor 2 subjects (A and V). 

.Abscissa: Eccentricity in dcRrccs. 

Ordinate: Minimum separabile in min. of arc. 

Threshold I. 

■■■ ■" Tiiresliold 11. 


lary illuminalion. The argumentation is based on the assump- 
tion that the retinal images fall on a very limited number of 
receptors, and this is probably a fact (vide p. 58). If the images 
kept on moving over a considerable number of receptors they 
would hardly be able to exhaust all the stimulated receptors. 

If the influence of the momentary illumination were exclusi- 
vely due to adaptation, then it might be expected that momen- 
tary illumination' in the case of uniUuminated squares 
on luminous ground would cause an increase of tlireshold II. 
The result of such experiments were, however, another (vide 
fig. 18). The distance between the two thresholds diminished 
by momentarj' illumination — just as for luminous squares — 
but both thresholds diminished, threshold I more than thre- 
shold II. Consequently it will not be possible to explain the 
effect of momentary illumination by the theory advanced here. 

Besides- by adaptation, it would also be possible to explain 
the experimental results obtained by momentary illumination 
by assuming an alternating activity of the retinal 

9* 
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functional units. Elsewhere in this book (pp. 34, 156 and 179) 
an account has been given of the view point that it is hardly 
possible to explain neither the dependence of the form sense 
on the illumination nor Troxler's phenomenon in any other 
way. 

If the functional units, when subjected to constant stimu- 
lation (continuous illumination) , are imagined to keep on alter- 
nating between an active and. a relatively refractory period, it 
is natural to assume that the units, when unilluminated, are 
constantly in a state of responsiveness. When the units are 
stimulated by momentary illumination a larger number of 
units will be active per unit of area, the retinal mosaic is 
consequently finer and the min. separabile will decrease. As 
it is the units corresponding to the space between the squares 
which determine the size of the min. separabile, the alterna- 
ting activity will only manifest itself by unilluminated squares 
on luminous ground. 

In addition to the »fatigue theory* mentioned on page 130 
the assumption of an alternating activity of the functional 
units will furnish an explanation of the values for the min. 
separabile found by momentary illumination. 

The Dependence of the minimum separabile 
on the Size ol? the Squares. 

Hofmann (1925^^), Guillery (1931'^®^) and other, both 
earlier and later, authors assume that the min. separabile by 
central vision is under no experimental conditions independent 
of the size of the object, but varies always with the latter (vide 
p. 22) , Consequently it should not be possible to find any value 
of the min. separabile which might be considered to be a 
measure of the fineness of the retinal mosaic and thereby con- 
stitute a natural unit for the measurement of visual acuity. 

In contradistinction to this Berger & Buchthal (1938 a) have 
found (vide p. 23) that the min. separabile for luminous squares 
of threshold brightness on unilluminated ground is constant for 
squares the retinal image of which is less than ISsq.g, but 
diminishes when the image is larger. If, however, the back- 
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ground is not unilluminaled, but illuminated from before, then 
the niin. separabilc decreases uniformly with increasing size of 
the squares, probably because in this case the min. separabile 
is a function of the intensity discrimination. When finally the 
min. separabile is determined for unilluminated squares on 
luminous ground, it is observed to be constant for retinal ima- 
ges convering more than abt. 650 sq. p {Berger 1939). 

The explanation of the constant values of the min. separa- 
bile for luminous qnares is, that in this case the min. separa- 
bile is a function of the average diameter of the func- 
tional units, in the case of unilluminated squares it is a 
measure of the size of the smallest functional units. 

As it thus seems to be possible to draw conclusions with 
regard to the dimensions of the functional units from the min. 
separabile, it was found desirable to verify Berger & Buch- 
fhal’s and Berger’s results by central vision. Corresponding 
experiments by indirect vision were also carried out in order 
to determine the maximum retinal eccentricities at which 
separated functional units are to be found (conf. p. 68). The 
objects used for the experiments were, in addition to luminous 
squares on unilluminated ground, unilluminated squares on 
luminous ground and the same objects illuminated from before. 

In order to render the representation more perspicuous the 
experimental results for each object will be dealt with separa- 
tely, account being given first of the experiments by central 
vision then by indirect vision. 

1. linminouN Squares on Unlllnminated Ground. 

a. Central vision. 

For luminous squares on unilluminated ground and by 
central vision (fig. 19) the same dependence bn the size of the 
square as the one described by Berger & Buchthal {1938 a) was 
found, the inin. separabile being constant for squares the length 
of side of which is smaller than 30” to 40” (2.5p to 3.2p) cor- 
responding to a retinal image of 6 to 11 sq. p. For still larger 
squares the min. separabile increased uniforml}' with increasing 
size of square within the range investigated. 

The course of the curve can hardly be explained in any 
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Fig. 19. 

The dependence of the minimum separabile on lUc size ot the square by luminous 
squares of threshold brightness on unilluminalcd ground. To make the graph more 
perspicuous only threshold I has been plotted. 

Abscissa; The area of the retinal image of the square in sq. mm (Log. scale). 
Ordinate: The min. separabile in min. of arc. 



area of retinal image (sq. mm) 

a. Experiments with subject A, centrally and at eccentricities ol 3i/, 2“, 3°, 4° and 
5° retino-nasally. 


other way than the one applied by Berger <£ Buclithal (1938 a). 
The constant value of the min. separabile for small squares 
corresponds to the average diameter of the functional units 
in the area of the centre of the fovea across which the image 
travels on account of the involuntary oscillating movements 
of the eye. Berger & Bucbthal assume that the size of the indi- 
vidual functional units varies somewhat. The break in the 
curve is explained in the following way: when the 'images of 
the squares become Idtger than the smallest functional units, 
then the statistical chance that one of the latter is enclosed 
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(Fig. 19) 

b. Experimcnls •with 
5°, retino-nasally. 


area of retinal image (sg. mm) 
subject V, centrally and at eccentricities of 30', 2°, 3°, 4° and 


between two images wiJI increase. As the min. separabiie may 
be regarded as the average value of a series of observations it 
will decrease correspondingly. 

The explanation of the course of the curve become slightly 
more perspicuous when the size of the diffraction 
disc (vide p. 15) is taken into consideration. If the diffraction 
disc is assumed to be smaller than the smallest functional 
units, the min. separabiie will not decrease until the retinal 
image becomes larger than the units. If, on the contrary, the 
diffraction disc is larger than the functional units, it will not 
be possible for the retinal image to grow, and the min. separa- 
bile will not change until the size of the image of the square 
exceeds that of the. diffraction disc. As far as it is known, both 
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c. Experiments with subject S, centrally and at eccentricities of 30', 2® and 3®. rctino- 
nasally. 


the diffraction disc and the smallest functional units {the 
cones) have a size of abt. 1 min. of arc (vide pp. 16 and 18). 
It must therefore be a justified assumption that the constant 
values of the min. separabile for small squares are due to the 
fact that the luminous squares, when adjusted at their proper 
threshold brightness, are reproduced on the retina as diffrac- 
tion discs. The illumination of the latter depends on two 
factors, the light intensity and the size of the squares. When 
the size is increased, a‘ point will be reached, when the size 
of the image will also increase, even if the retinal illumina- 
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tion is reduced, so that the image can no longer be said to be 
a diffraction disc. If the image becomes larger than the 
smallest functional units the min. separabile will decrease 
and the before mentioned break in the curve will occur. 

If the circumstance that one of the smallest functional 
units is enclosed between the images of the squares should 



Fig, 20. area of retinal image (sg. mm) 


The dependence of the minimum separabile on the size of the square for very 
large luminous squares -o/ threshold brightness on onilluminaicd ground. Average of 
experiments with two subjects (A and V), centrally. 

Abscissa: Area of the retinal image of a square in sq. ram (Log. scale). 

Ordinate: Min. separabile in min. of arc. 

Threshold I, 

Threshold II, 


make it possible to see the squares separately, then i t 
must be assumed that the squares are seen to 
be contiguous where the space between them 
falls on larger units. This has also been described by 
Berger & Buclithal (1938 a) , and it has been possible to con- 
firm it by the present experiments. 

Whether the min. separabile for luminous squares, in case 
of large squares, can reach a constant minimum value corre- 
sponding to the diameter of a cone, an. optimum, as assumed 
by Berger '& Buchthal (1938 a) and Berger (1939), does not 
appear from any of the experimental results given in these 
papers, as the experimental methods applied did not allow 
for sufficiently large squares. It has therefore been endeavoured 
to elucidate this problem through experiments with squares 
varying from 6’40” by 6’40” to 40’ by 40’. The intermediate 
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space was formed by copper wires of varying thickness (for 
further details vide. p. 92) . It appears from fig. 20, on which 
the results have been plotted, that Uie min. separabile, within 
the range examined, decreases with increasing size of square 
to a value of 8”, and thus does not reach any mini- 
mum value. The explanation must be found in the fact that 
the min. separabile has become so small that the dispersion 
of the light in the media and the diffraction 
fringe around the squares illuminate, the 
space between them, so that the min. .separa- 
bile becomes a function of the intensity dis- 
crimination of a row of units, (conf . p. 22) . 

b. Indirect vision. 

According to fig. 19 the dependence of the min. separabile 
on the size of the object by indirect vision is not the same at 
the various eccentricities examined. At an eccentricity of 30’, 
2° and 3°, retino-nasally, the main parts of the curve are the 
same as by central vision, a horizontal part followed by a 
smooth decline. The level of the horizontal part is higher for 
larger eccentricities, and the length of it is larger at 30’ than 
centrally, and it is even longer at 2°, but at an eccentricity of 
3° it is quite short. Even more peripherally, at eccentricities of 
4° and 5°, the horizontal part does not exist any longer, the 
min. separabile decreases uniformly, more and more, however, 
with increasing size of square. 

The. course of the curves for the eccentricities of 30’ and 2*, 
retino-nasally, is quite naturally explained in the same way as 
the corresponding curve for central vision. The higher level of 
the horizontal parts — compared with the curves for. central 
vision — is probably due to the fact that the mean diame- 
ter of the functional units increases with the 
eccentricity. While the functional units in the fovea must 
consist of a group of closely spaced cones, coupled to the same 
optic nerve fibre, the units outside the rod-free area must be 
composed , of a number of cones more or less ■ separated by 
interposed rods and must thus cover a larger area. When the 
retinal image of the square exceeds the size of the smallest 



CKNTRAX. AND INDIRECT VISION 


139 


functional units at that particular eccentricity the min. separa- 
bile begins to decrease, just as it does centrally. 

With its short horizontal part the curve for the eccentricity 
of 3* has such a shape that it seems to be a transition form 
between the corresponding curves for 2” and 4°, and this 
perhaps indicates the incipient influence of a new factor. 

At an eccentricity of 4* and 5* the min. scparabile decreases, 
in the beginning slowly and later on rapidly, with increasing 
size of object. The reason for this is probably that outside 
an eccentricity of 3* the functional units are 
no longer functionally separated and thus 
cannot be said to be units. It must be assumed 
that here the nerve impulses have a tendency 
to spread through the horizontal neural con- 
nections of the retina, which is consistent both with 
the anatomical structure of the retina (vide p. 71) and with 
re.sults obtained by electro-physiological e.xperiments as well 
as investigations on the fusion frequency of flicker (vide p. 76). 
\^^l c n the nerve impulses disperse through 
the retina they will also spread to the other- 
wise u n s t i m u 1 a t e d area between the squares, 
and the intensity threshold of the functional 
units here will decrease. Then min. separabile 
will consequently no lo n g e r be a measure of 
the retinal structure only, but also a function 
of the intensity discrimination. It can be seen 
that at an eccentricity of 4* and 5° there are two reasons, why 
the intensity discrimination is not the only factor determining 
the dependence of the min. separabile on the size of .square. 
In the first place the min. separabile does not decrease quite 
uniformly with increasing size of object, but increases slowly 
at first and later on more rapidly. When, however, the object 
consists id squares illuminated from before, the min. separabile 
of which is a direct function of the intensity discrimination, 
the dependence is approximately linear (vide figs. 1 and 23). 
In the second place the min. separabile at an eccentricity of 5° 
increases with the retinal illumination (vide figi 15 a p. 124) 
which the intensity discrimination does not (vide p. 7). 
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The dependence of the minimum scparabilc on the size of the squares in case 'of 
luminous squares of threshold brightness on unilluminated ground. Experiments with 
subjects A and V at an ecccnlricitg of 10° rclino-nasally. 

Abscissa: The area of the retinal image of the square in sq. mm. (Log. scale). 
Ordinate: Min. scparabilc in min. of arc. 

Threshold I. 

Threshold II. 


An experiment with the two subjects A and V at an eccen- 
tricity of 10° (retino-nasally) (fig, 21) seems, however, to show 
that in this case the min. separabile is essentially a function of 
the intensity discrimination, as the curve is linear. 

According to the preceding the retinal area, within which 
the min. separabile for luminous points of threshold bright- 
ness on unilluminated ground is a measure of the diameter 
of the functional units, must extend from the centre to an 
eccentricity of about 3° horizontally. In order also to determine 
the extent of the area vertically, experiments were carried out 
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in the retino-superior meridian. As the curve for 
an eccentricity of 2*^ had the same shape as the one for 3° 
retino-nasally, it may be concluded from the experiment^, 
that separated functional units are only 
found in the retina up to an eccentricity of 
3° horizontally and 2° vertically. 

2. Unillnminated Squares on Linminons Ground. 

a. Central vision. 

The dependence of the min, separabile on the size of 
squares was found by unilluminated squares on luminous 
ground of threshold brightness to be as shown on fig. 22. 

By central vision the smallest squares still visible were 
80” by 80”. When the size of the squares increased the min. 
separabile decreased until it reached abt. 50”, after which it 
kept constant, so that the min. separabile was independent 
of the size of the object. The result of the experiment was 
consequently the same as the one found by Berger (1939) with 
the same object, and the course of the curve can easily be 
explained as done by Berger. Berger assumes that the diameter 
of the individual functional units varies somewhat. When the 
size of the squares increases, then the statistical chance of 
one of the smallest functional units being enclosed between 
the sides of the squares also increases, until the squares have 
reached such a size that they, at any time, enclose a sufficient 
number of units to make it possible to recognize the squares 
as separate. When this point has been reached, a further in- 
crease of the size of the squares will have no influence on 
the min. separabile, which will remain constant, and the value 
of which (abt. 50”) will correspond to the diameter of the 
smallest functional units. 

According to the experiments with luminous squares on 
unilluminated ground (p, 133) the diameter of the smallest 
units should be 30” to 40”, while according to the experiments 
with unilluminated squares just mentioned they should be 50” 
wide.It will be understood that this difference is only apparent, 
when considering that the image of a luminous square on 
account of the dispersion of light in the eye will stimulate 
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Fig. 22. 

Tlic dependence ot the m!n. »epnrfthilc on the slxe of the square hy unUUimirKtUil 
squares on luminous proiind of lltreshold briohiness. To render the graph wore per- 
spicuous only threshold 1 has l)ccn plotted. 

Abscissa: The area of the retinal imagp of the square in »q. tarn (l./5g, sente). 
Ordinate: Min. scparnbile in min. of arc. 



^ 4 6 8 1 2 4 6 

10'“^ -fO'^ 


area of retiruf image (jq. mm) 

b. Experiments -with subject V centrally and at eccentricities of 2® and 3“ retino- 
nasally. 


a larger area than the one corresponding to the geometrical 
image, while the opposite is the case for imilluminated squares. 
An unilluminated square will consequently be perceived as 
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area of retinal image (sq. mm) 


(Fig. 22.) 

c. Experiments witli subject S 
centrally and at eccentricities of 
2 ° and 5° retino-nasally. 


smaller than a luminous one. If it is assumed that the dis- 
persion of light shifts the boundary between illuminated and 
unilluminated area equally much in the two cases, then the 
diameter of the smallest functional units in 
the foveal centre should be 40” to 45” or 3.2 p 
to 3.7 p according to the experiments. This 
corresponds to the magnitude of the central 
cones in the fovea {vide p. 17) and as each of 
these cones constitutes a functional unit 
they must be connected to the optic centres 
of the cerebral cortex each by an isolated 
pathway. 


b. Indirect visioa 

As it was the case for luminous squares the curves for un- 
illuminated squares were found to be at a higher level at eccen- 
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tricities of 2° (or 3°) than centrally (vide fig. 22), but they 
were of the same shape. At larger eccentricities (4° or 5') 
the curve became more ^straightened out«, the horizontal part 
being substituted by a smooth decline, so that every increase 
of the size of the squares resulted in a reduction of the min. 
separabile. 

It is natural, as far as possible, to apply the same explana- 
tion to the course of the curves as the one used for the lumi- 
nous squares. That the horizontal part of the curves is higher 
at an eccentricity of 2° than centrally is probably due to the 
fact that the smallest functional units are larger by indirect 
than by central vision, which was known on beforehand from 
histological investigations (vide p. 53). The » straightening 
out« of the curves at eccentricities larger than 3* may be 
explained by the absence of separated functional units here. 
The experiments with unilluminated squares thus further con- 
firm this assumption, which has already been mentioned as 
a result of the experiments with luminous squares. 

3. The minimum separahile for Twin^obiects 
Illuminated Srom before. 

All previous experiments on the dependence of the central 
min. separabile on the size of the object have given the same 
result when the object applied was white squares illumina- 
ted from before on black ground or black squares on 
white ground. Thus it was found first by Aubert (1865 2^®) 
and later on e. g. by Hofmann (1925 ®2) (vide fig. 1) and 
Berger (1936) that the min. separabile decreases uniformly 
with increasing size of square. 

As it has been mentioned several times previously the min. 
separabile for luminous squares on unilluminated ground is, 
within certain limits, independent of the size of the object. 
If the unilluminated ground is illuminated slightly from the 
front, then the dependence according to experiments by Berger 
& Buchthal (1938 a) is the same as by objects illuminated solely 
from before. This result, which proved reproducible, (vide 
fig. 23) is according to Berger & Buchthal due to the influence 
of a special factor, probably the intensity discrimination of 
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light. The r61e played bj' the intensity discrimination by illu- 
mination from before is not further explained in the said 
paper. The most natural assumption would be that the illu- 
mination from before lights up the otherwise unilluminated 
space between the squares, so that the difference in brightness 
between squares and background is no longer unilluminated/ 
luminous, but illuminated/more illuminated. Consequently the 
min. separabile will no longer be a function of the diameter 
of the unstimiilaled functional units, but a determination of 
the just perceptible difference between the illumination of the 
squares and of the intermediate space, i. e. a determination of 
the differential threshold, by which the area, and not the in- 
tensity, is varied (conf. p. 8). If this assumption is correct, 
then the usual break in the curve would also become levelled 
out for unilluminated squares on luminous ground in case the 
squares were illuminated from before. As it should be decisive 
for the shape of the curve whether retinal images of the dark 
squares were under the intensity threshold or not, it should 
also be possible for the dispersion of the light in 
the eye at high ground-intensity to spread the 
light over the images of the squares so much, that the min. 
separabile became a function of the intensity discrimina- 
tion. 

In order to verify these consequences of the theory about 
the importance of the intensity discrimination for the min. se- 
parabile two scries of experiments were carried out. In one 
the object was two black squares illuminated from before and 
on luminous ground of threshold brightness. The illumination 
came from a lamp housing screened in the direction of the 
subject and open towards the object {vide p. 89) . The housing 
contained a 38-w electric lamp and was placed at a distance 
of 1 m from the squares. The min. separabile was determined 
with squares of different sizes by central vision. 

In the second series of experiments the min. separabile was 
determined for the same squares on luminous ground 
of high intensity without any illumination from before. 

In both cases it was possible to record a uniform decrease 
of the min. separabile with increasing size of object (vide figs. 

10 
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luminous squares 


MatV sqoarti 



Fig. 23. 

The skpcndcnec of the minimum xcparahile on the sirr of the square hy luminous 
squares o/ l/ires/iohl hrlphlnets on lilact: ortuinrf iltuminnted from btfcirc, end black 
squares illuminated from before on luminous proimd of Ibreshold brlahlneis. Averase 
ol experiments with 3 5ul)jects (A. V and S) hy eeniral I’lsion. 

Abscissa; The nrea ot tlie relinnl ImaRc of the square in sq. mm scale). 

Ordinate; Min. scparnbilc in min. of arc. 

* — ■• n\rcshoId I. 

Thrcsliold II. 



Fig. 2/f. 


area of rctinii imaqe (sq. mm) 


The dependence of the min. scparnbilc on the sire of the squares bj; unillumfrtaled 
squares on luminous pround of hioh Infensllp. Average of experiments with 2 subjects 
(A and V) by cenfraf ulslon. 

Abscissa; The area of the retinal image of tlie square in sq. mm (Log. scale). 
Ordinate; Min. scparnbilc in min. of arc. 

' Threshold 1, 

— — — Threshold II. 


23 and 24) , so t li a t the theory about the in- 
fluence of the intensity discrimination by 
objects illuminated from before was con- 
firmed. 

A review of the dependence of the min. separabile on the 
size of the square can be obtained by summarizing the results 
of the investigation as follows: 
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A. Central Vision. 

The experimental results obtained by Berger & Buchthal 
(1938 a) and Berger (1939) have been confirmed in all essen- 
tials. 

The average diameter of the functional 
units in the centre is abt, 6 times the width of 
a cone. (As a measure of the diameter we have the rain, 
separabile for luminous squares of threshold brightness on 
unilluminated ground, when the retinal images of the squares 
are smaller than one cone) . 

The smallest functional units consist of 
one cone. (The diameter may be determined by the min. 
separabile for unilluminated squares on luminous ground of 
threshold brightness when the squares exceed a certain size). 

When the object is illuminated from be- 
fore the min. separabile is not a measure of 
the size of the functional units, but a func- 
tion of the intensity discrimination of the eye. 

B. Indirect Vision. 

Both the average diameter of the functio- 
nal units and the size of the smallest func- 
tional units increase with the eccentricity 
up to abt. 3' in the- horizontal meridian and 
2° in the vertical meridian. Outside this 
boundary the receptor units are no longer 
functionally separated in groups (functional 
units), but the nerve impulses must be assumed 
to spread through transversal path ways in 
the retina .Here the min. separabile will con- 
sequently always be a function of the inten- 
sity discrimination. 



Chapter \' 


Experiments on the Physiological liesolving Power 2 

EXPERIMENTS ON THE PERCEPTION OF 

MOVEMENT 

When a diffraction disc performs an oscillating movement 
on the retina it will not be possible to recognize the movement 
as long as it takes place within the same functional unit. Only 
when a neighbouring unit is also stimulated by the diffraction 
disc, so that it is illuminated above its intensity threshold, 
will the movement be appreciable {conf. p. 37). 

As a diffraction disc may be estimated to have a diameter 
of abt. 60” and the excursions of the eye due to its constant 
oscillating movements to be abt, 30” from a central position, 
the image will travel over an area with a diameter of 120”. 
In order to make the movement discernable the diffraction 
disc must cover a distance corresponding to the diameter of 
the functional units less 120”. In this way it should be pos- 
sible to determine the size of the functional units experimen- 
tally by means of a moving luminous point. As mentioned in 
chapter IV the diameter of the functional units in the centre 
can, however, also be measured by the min. separabile for 
luminous squares of threshold brightness on unilluminated 
ground. It should therefore be interesting to carry through 
a comparison, in order to verify the theory advanced with 
regard to the perception of the movement of a point and the 
determination of the size of the functional units. 

No comparative experiments on the min. separabile deter- 
mined in the manner mentioned and on the perception of 
the movement of a luminous point are found in the literature. 
New experiments would therefore be desirable. 

By means of the arrangement mentioned on p. 96 a lumi- 
nous point could be made to oscillate. Two thresholds were 
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Table XIL 


Experiments on the perception of movement compared 
with the minimum separabile. 


The movable object: a luminous point of threshold bright- 
ness on unilluminaled ground. Each threshold determined by 
20 readings. The min. separabile determined by means of two 
luminous squares (40” by 40”) of threshold brightness on un- 
illuminated ground. Both experiments were carried out with 
the same two subjects (A and V). 


Central Vision: 


50 Eccentricity 
(rclino-nasally) 

The length of the move- The length of the move- 



mcnt when the point 

ment when the point 


h Jttst seen to 

seems to be 

is Just seen to 

seems to be 


move 

stationary 

move 

stationary 


Threshold I 

Threshold II 

Threshold I 

Threshold II 

Subject A 

62” 

32” 

172” 

140” 

Subject V 

64” 

25” 

170” 

109” 

Average: 

63” 

29” 

171” 

125” 

Min. separabile, 
average 

183” 

102” 

480” 

327” 


determined by these experiments, one of which, threshold I, 
was the smallest observable movement of the luminous point 
synchronous with the actual movements of the point (so that 
it was avoided that the subject registered apparent movements) . 
Threshold II was the largest movement of the luminous point 
which could not be appreciated (conf. p. 102) . The experiments 
confirmed that the frequency of the movement had — as it 
might be expected (vide footnote on p. 37) — no influence 
on the thresholds, when it was between 1.1 and 5 complete 
movements per second. The experiments were performed with 
a frequency of 2 or 3 with two subjects (A and V) . Each thres- 
hold was determined by 20 readings divided in 4 series. 

In addition to the experiments by central vision correspon- 
ding experiments were carried out at an eccentricity of 5° 
retino-nasally in order to obtain also by indirect vision a com- 
parison of the perception of movement with the min. separabile. 
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Table XII gives a juxtaposition of the results of the experi- 
ments and the min. separabile for the same subjects. 

It appears from these results that by central vision the 
average value of the min. separabile (threshold I) is abt. 120” 
above threshold I from the experiment on perception of move- 
ment. The result confirms the theoretical calculation, so that 
it is possible, as maintained in chapter l, to 
regard the perception of movement as a mea- 
sure of the physiological resolving power 
under the experimental conditions described. 
(Threshold II is not taken into consideration as it is not pos- 
sible to correlate it to the retinal structure). 

At an eccentricity of 5° the difference between the tlire- 
sholds of the two functions is abt. 300”, i. e. 180” larger than 
calculated. The fact that the physiological re- 
solving power at an eccentricity of 5° is belter 
when measured bj' the perception of move- 
ment than by the min. separabile must (as dealt 
with in details on p. 69) be explained by the dis- 
persion of the nerve impulses (conf. that the de- 
pendence of the min. separabile on the size of the square 
must be explained in the same way at the same eccentricity 
(p. 139))-.. 
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Experiments on the Physiological Resolvins Power 3 

EXPERIMENTS ON FORM SENSE 

Through experiments by Berger & Biichtlial (1938 b) it is 
confirmed that the form sense — as the min. separabile — is 
dependent on the structure of the retina. The relationship 
between the form sense and the retinal mosaic does not, how- 
ever, seem to he so simple that the shape of the test object is 
of no importance. When f. inst. the form sense is measured 
by the minimum angular .size of a certain regular polygon 
which allows perception of form, the threshold determined will 
be dependent on the number of sides of the polygon, especially 
if this is > 4. 

Records of systematic observations on the form sense by 
indirect vision do not exist, .so that it would be desirable to 
carry out such experiments. As a basis for the investigation 
it would bn natural to verify Berger & BuchthaVs results by 
central vision. By correlating the numerical experimental re- 
sults to the average size of the functional units it should be 
possible to determine w'hether the form sense — as assumed 
(vide p. 41) — may be taken as a measure of the physiological 
resolving pow'cr. 

In addition to the experiments on the dependence of the 
form sense on the retinal eccentricity the influence of the 
retinal illumination was examined, in order further to sub- 
stantiate the theory about the alternating activity of the func- 
ional units (vide p. 34). 

The test object used was an equilateral triangle or a square, 
luminous on unilluminated ground (vide p. 98 as to details). 
Tw’o thresholds were determined by these experiments. Thre- 
shold I represented the minimum length of side of the test 
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polygon at which it was possible to recognize its angularity. 
Threshold II represented the maximum length of side at which 
it was just impossible to recognize the angularity of the poly- 
gon (conf. p. 102). 

A. Form Sense at Various Retinal Eccentricities. 

Experiments were carried out with triangular and square 
test objects in the same sitting by central vision and with the 
square object at the following eccentricities: 10’, 20’, 30’, 1°, 
2°, 3° and 5° retino-nasall}'. The light intensity of the test 
object was adjusted at threshold brightness in these experi- 
ments. The result of the experiments was that the length of 
the sides of triangle and square must be 6.1’ and 6.9’ respec- 
tively, in order to make their angularity observable by central 
vision, i. e. 2.4 and 3.2 times the min. separabile for luminous 
points (threshold I) for the same subjects. 

By indirect vision (vide fig. 25) both thresholds increase 
uniformly with the eccentricity, slightly less than the min. 
separabile, however. At an eccentricity of 3' threshold I is 
thus still 2.3 times the min. separabile, but at 5' the ratio is 1.8. 

The fact, that it is possible to recognize the angularity of 
an equilateral triangle having a smaller length of side than 
the smallest recognizable square, indicates that the form sense 
is not exclusively determined by the length of side, when the 
object is a polygon, but that another factor, probably the 
size of the angles of the polygon, plays a r61e, as already 
mentioned by GuiUery (1899). Centrally and up to an eccen- 
tricity of abt. 3° the absolute figures for the thresholds are 
larger than twice the min. separabile for luminous points, i. e. 
larger than twice the mean diameter of the functional units. 
That the same ratio at an eccentricity of 5° becomes less than 
2 may be due to the fact that at this eccentricity there are no 
more funcional units, and the form sense therefore deterio- 
rates. 

The result of the experiment is thus that 
the form sense (as assumed on p. 41) is essen- 
tially a function of thefineness of the retinal 
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Fig. 25. eccentricity 

Form sense al various retinal eccentricities in juxtaposition with the minimum 
separabile lor luminous points for the same two subjects (A and V), 

Object; Luminous square of threshold brightness on unilluminated ground. 

Abscissa; Eccentricity in degrees. 

Ordinate; The length of the side of the square and the min. separabile both in min. 
of arc. 

Threshold I. 

Threshold II. 

mosaic, when the function is measured by the 
minimum length of side of a polygon of few 
sides the angularity of which is just recog- 
nizable. On account of the incalculable influ- 
ence of th e number of sides the dimensions 
of the functional units can only be determined 
approximately through experiments on the 
form sense. 

The accuracy of the experiments. 

The accuracy of the threshold determinations was exam- 
ined by means of special experiments with 20 readings of each 
threshold divided in 4 series, just as it was done in connection 
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Pig. 2G. eccentricity 

Form sense at various retinal eccentricities. InvcstionHott on Ihe accurar// of Ihc 
measurements. Average (or 3 subjects (G, M, S). 

Object: Luminous square ot threshold brightness on uniiluminaled ground. Hound 

each point ot the curve a circle has been drawn, the radius ot which re- 
presents tlic dispersion of the threshold readings measured in min. of arc. 
Abscissa: Eccentricity retino-nasally, in degrees. 

Ordinate: Length ot side ot the square in min. ot arc. 

- — — Threshold I. 

Threshold II. 


with the experiments on the min. separabile (p. 110). Table 
XIII records the dispersion of the readings and the variation 
coefficient calculated in the same way as in chapter IV (p. 
111). On fig. 26 the average results for 3 subjects are shown. 
It appears that the dispersion increases with in- 
creasing retinal eccentricity, but that the per- 
centage accuracy over the entire area exam- 
ined from 0 to an eccentricity of 2* is con- 
stantly abt. 5 for both thresholds. This accuracy, 
which must be considered satisfactory, is of the same magni- 
tude as the accuracy with which the min. separabile is deter- 
mined. 
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Table XIII. 


Dispersion and variation coefficient in experiments on form 
sense from 0 to an eccentricity of 2° retino-nasallg. 

Test object: Luminous square of threshold brightness on 

unilluminated ground. 


Length of the side of the square in min. of arc. (Average for 

two days). 


Number of 


Threshold I Subject 

0 

30’ 

1“ 

r30’ 

2” 

readings 

Threshold I 

G. 

8.4’ 

9.3’ 

11.5’ 

14.6’ 

17.2’ 

20 


M. 

5.5’ 

6.9’ 

8.3’ 

9.5’ 

10.4’ 

20 


S. 

7.2’ 

9.0’ 

11.7’ 

13.6’ 

15.7’ 

20 

Average 


7.0’ 

8.4’ 

10.5’ 

12.6’ 

14.4’ 

60 

Threshold II 

G. 

6.5’ 

7.5’ 

8.8’ 

11.2’ 

13.4’ 

20 


M. 

4.9’ 

6.0’ 

7.5’ 

8.4’ 

9.0’ 

20 


S. 

5.8' 

6.9’ 

8.7’ 

10.0’ 

11.4’ 

20 

Average 


5.7’ 

6.8’ 

8.3' 

9.9’ 

11.3’ 

60 

Dispersion (S) of 

the threshold determinations. 

Threshold I 

G. 

0.2’ 

0.5’ 

0.5’ 

0.5’ 

0.5’ 

20 


M. 

0.3’ 

0.4’ 

0.4’ 

0.6’ 

0.5’ 

20 


S. 

0.5’ 

0.7’ 

0.7’ 

0.7’ 

0.8’ 

20 

Average 


0.3’ 

0.5’ 

0.5’ 

0.6’ 

0.6’ 

60 

Threshold II 

G. 

0.3’ 

0.4’ 

0.7’ 

0.6’ 

0.7’ 

20 


M. 

0.2’ 

0.4’ 

0.3’ 

0.6’ 

0.4’ 

20 


S. 

0.3’ 

0.4’ 

0.6’ 

0.6’ 

0.4’ 

20 

Average 


0.3’ 

0.4’ 

0.5’ 

0.6’ 

0.5’ 

60 


Coefficient of variation 

(K). 



Threshold I 

G. 

3 

5 

4 

4 

3 

20 


M. 

6 

6 

4 

6 

4 

20 


S. 

7 

8 

6 

5 

5 

20 

Average 


5 

6 

5 

5 

4 

60 

Threshold II 

G. 

5 

5 

8 

5 

4 

20 


M. 

5 

6 

4 

7 

4 

20 


S. 

6 

6 

6 

6 

3 

20 

Average 


5 

6 

6 

6 

3 

60 



156 


VIGGO CLEMMESEN 


B. The Dependence of the Form Sense on the 
Retinal Illnmination. 

A detailed account has previously (pp. 35 and 41) been 
given of the experiments by Berger & Buchthal (1938 b) on 
form sense at varying retinal illumination and of the expla- 
nation of the results based on the theory about the alternating 
activity of the functional units. Here it shall only be mentioned 
that the experiments show that the form sense is better at high 
retinal illumination (abt. 2 lux) than by threshold brightness 
(abt. 0.025 lux). The dependence is the same, irrespective of 
whether the object is a luminous polygon on unilluminated 
ground or an unilluminated polygon on luminous ground. 

As the variation of the form sense with the illumination 
has not previously been investigated by indirect vision, such 
experiments were carried out at an eccentricity of 5° retino- 
nasally with a luminous square on unilluminated ground as 
test object. It was also found desirable to verify Berger & 
BuchthaVs results in the centre over a larger intensity range 
(from threshold brightness to 100 lux on the retina). It ap- 
pears from fig. 27 that by central vision both the thresholds 
examined decreased uniformly with increasing illumination. 
At an eccentricity of 5° the same happens, with the modifica- 
tion, however, that at intense illumination the curve rises again 
sharply. 

That the form sense by central vision improves with 
increasing retinal illumination may be due to the fact that an 
increased dispersion in the refractive media increases the per- 
ceived size of a luminous object (conf. p. 31). According to 
Berger & Buchthal the form sense varies, however, in the same 
way with the illumination, when it is a case of unilluminated 
figures on luminous ground. The improvement of the 
form sense with increasing illumination of 
relatively low intensity can therefore only be 
explained by the assumption that the number 
of active functional units per unit of area in- 
creases. When the light intensity of the ob- 
ject increases so much that the hitherto un- 
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Threshold I. 


— Threshold II. 


stimulated parts of the retina are stimulated 
above their intensity threshold, it should be 
possible for the intensity discrimination to 
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make itself felt. (conf. p. 1 1) . It is not possible, how- 
ever, to estimate the influence of this possibility on the form 
sense. 

The experiments carried out at an eccen- 
tricity of 5° should, with regard to the declining part of 
the curve, probably be explained in the same way as by cen- 
tral vision. It is difficult to explain why the form sense again 
deteriorates by very intense retinal illumination. Perhaps the 
phenomenon is due to the fact that the strong dispersion of the 
light obliterates the details of the figures (the verteces) . 



Chapter VII 


Experiments on Complex l^inclions 1 

EXPERIMENTS ON THE ALIGNING POWER 

If two halves of a rectilinear contour are displaced on the 
retina in relation to each other as the hair lines of a vernier, 
then tlie smallest recognizable displacement, the displacement 
threshold, will be a measure of the aligning power. On page 43 
it was pointed out, that the condition, which must be fulfilled 
before the displacement becomes visible, is that the illumina- 
tion of one half of a long straight row of functional units 
differ so much from that of the other half (the row is imagined 
to be divided transversely) that a difference in the retinal illu- 
mination is recognizable. The aligning power thus becomes 
a function of the simultaneous intensity discrimi- 
nation. As the displacement threshold by the same discrimi- 
nation factor must be assumed to be smaller by small func- 
tional units than by large ones, it is moreover a function of 
the physiological resolving power (the fineness of the retinal 
•mosaic) and thus a complex function. 

Especially on account of the complex physiological basis 
of the aligning power it was thought to be of interest to in- 
vestigate its dependence on the retinal eccentricity. An object 
consisting of a narrow luminous slit of threshold brightness in 
unilluminated ground (vide p. 99) was used for the experi- 
ments. The thresholds determined by the experiments were in 
the first place the displacement threshold (threshold I) and 
secondly the maximum displacement at which the half parts 
of the slit were seen to be in alignment (threshold II). 

In addition to the experiments performed at various ec- 
centricities others were carried out through which the displa- 
cement threshold was determined for slits of decreasing length 
in order to examine the transition of the complex function to 
a simple one (the min. separabile for luminous points). 
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A. The Aligning Power at Various Retinal 
Ecccntriei tics . 

The test object for the experiments on the dependence of 
the aligning power on the retinal eccentricity consisted in a 
luminous slit 50” by 2T8’20” of slightly more than threshold 
brightness, placed at right angles to the meridian examined. 

In the centre the displacement threshold for three subjects 
was determined to be 23”, 25” and 34” respectively. The fact 



Fig. 28. eccentricity 

The. displacement Ihrcshold at uarioiis retinal eccentricities in juxtaposition wth 
the minimum separabile for luminous points for the same three subjects (A, V, S). 
Object: Luminous slit (50" by 2 *18' 20") of threshold brightness on unilluniinatcd 

ground. 

Abscissa; Eccentricity in degrees. 

Ordinate; Displacement threshold and min. separabile in min. of arc. 

Displacement threshold. 

— — — “ ^fin. separabile. 
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that these figures are somewhat higher than those found by 
other authors (vide table IV, p. 65) can probably be explained 
by the relatively small length of the slit used in these experi- 
ments. 

In addition to being determined in the centre the displace- 
ment threshold was also determined at eccentricities of 10’, 
20’, 30’, 1°, 2 ° and 5°. It can be seen from fig. 28 that in the 
whole of the area examined the displacement threshold in- 
creases uniformly with increasing eccentricity, but less rapidly 
than the min. separabile. The rise of the curve is 
smooth without any break corresponding to 
the border of the rod-free area or the fovea, 
just as it is the case for the min. separabile. The fact that the 
displacement threshold does not increase with the eccentricity 
to the same extent as the min. separabile is in conformity with 
the assumption previously mentioned, that the aligning 
power is not exclusively a function of the phy- 
siological resolving power. As it will appear from 
the following chapter (p. 169) the dependence found seems to 
suggest that the aligning power is a complex function of both 
the physiological resolving power and the intensity discrimi- 
nation. 

The accuracy of the experiments. 

In order to be able to judge the reliability of the numerical 
experimental results, experiments were carried out on the 
accuracy of the threshold determinations centrally and at an 
eccentricity of 5°. The test object was the same as the one 
used in the above mentioned experiments. For each threshold 
20 readings divided in 4 series were taken. The mean (M) of 
the 20 readings, the calculated standard deviation 8 and the 

variation coefficient k = ^ are recorded in table XIV. 

M 

It appears from the table that while the percentage accu- 
racy of threshold I both centrally and at an eccentricity of 5 
is abt. 11, it is not nearly so good for threshold II (15 to 54). 
For this reason threshold II has not been included in the 
discussion of the results of the remaining experiments. Thre- 

11 
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Table XIV. 

The standard deviation and variation coefficient by experi- 
ments on the aligning power, centrally and at an eccentricity 
of 5°. Object: Luminous slit, 50" by 2-18*20” of threshold 
brightness on unilluminated ground. 


The displacement of one half of the slit measured in seconds 

of arc. 


Subject 

0 

5" 

Meridian 

Number of 
readings 

Threshold I: A. 

19” 

114” 

retino-temporal 

20 

V. 

20” 

268” 

retino-nasal 

20 

S. 

37” 

332” 

retino-nasal 

20 

Threshold II: A. 

4” 

49” 

retino-temporal 

20 

V. 

*) 

28” 

retino-nasal 

20 

S. 

18” 

140” 

retino-nasal 

20 





) unreadable 

Standard deviation ( 





Threshold I: A. 

2.2” 

15” 

retino-temporal 

20 

V. 

2.4” 

29” 

retino-nasal 

20 

S. 

3.0” 

36” 

retino-nasal 

20 

Threshold II; A. 

2.1” 

13” 

retino-temporal 

20 

V. 


28” 

retino-nasal 

20 

s. 

2.7” 

30” 

retino-nasal 

20 

Variation coefficient 

(k). 




Threshold I: A. 

11 

14 

retino-temporal 

20 

V. 

12 

11 

retino-nasal 

20 

s. 

8 

11. 

retino-nasal 

20 

Threshold II: A. 

54 

26 

retino-temporal 

20 

V. 


15 

retino-nasal 

20 

s. 

15 

21 

retino-nasal 

20 

shold TI has, however, 

always 

been determined 

in order to 


obtain a convenient starting point for the determination of 
threshold I. It thus seems, that the determination 
of the just recognizable displacement of the 
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two halves of the slit is easier (more certain) 
than the determination of the point Avhere 
they are still seen to be in alignment. 

B. The Dependence of the Displacement Threshold 
on the Iieng;th of the Slit. 

The only possible explanation of the fact, that it is pos- 
sible to recognize a displacement of the retinal image which 
is smaller than the smallest functional units, is that the displa- 
cement threshold is in any case a function of the simultaneous 
intensity discrimination (conf. p. 43). The two narrow retinal 
areas the illumination of which is being compared are in 
alignment. As the intensity discrimination increases with in- 
increasing size of object (\dde p. 9) it might be expected that 
the displacement threshold varied correspondingly. However, 
the two halves of the slit must have a certain length in order 
to be seen as lines by the subject. If they become so short that 
two luminous points are all that remains, then the minimum 
appreciable displacement will be equal to tlie min. separable. 
As this function is a measure of the physiological resolving 
power, when determined for luminous points of threshold 
brightness on unilluminaled ground, a curve representing the 
dependence of the displacement threshold on the length of the 
slit will illustrate the transition from a simple function (the 
min. separabile) to a complex function (the displacement thre- 
shold) . 

The test object was a luminous slit, 20” wide, the length of 
which varied from 2-20” to 2*20’. Before dealing with the 
experimental results a description shall be given of the transi- 
tion between the min. separabile and the displacement thre- 
•shold, as seen by the subject by central vision. In the case of 
the two shortest slits (2*20” and 2*60”) the minimum discern- 
able displacement is equal to the min. separabile. When the 
slit increases in length (2*100”) it is seen as a vertical line 
when the two halves are in alignment, but when a displace- 
ment manifests itself the line will appear inclined. The two 
halves of the slit will only appear as two independent lines, 

11 * 
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Fig. 29 length of slit 

The dependence o/ the displacement threshold on the length of the slit, eentranv 
and at eccentricities of 4° or 1°. The lowest curve is on average curve lor •" suDjects 
(A, V, S), representing the dependence by central vision. 

Object: Luminous slit, 20" wide, on unilluminatcd ground. 

Abscissa: Length of each half part of the slit in sec. of arc. 

Ordinate: Displacement threshold in sec. of arc. 


which are displaced in relation to each other, when they have 
reached a greather length (2 -320”) . 

The experimental results appear from fig. 29. It appears 
that the displacement threshold decreases, 
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when the length of the slit increases, first 
rapidly until each slit is seen as a line, and 
then at a steadily decreasing rate. By similar 
experiments it was shown that the displacement threshold va- 
ries in the same way at eccentricities of 1* and 4‘ as it does 
centrally. On account of the complexity of the aligning power 
it will be impossible to explain the course of the curve in 
details, (vide p. 174, however). 



Chapter VIII 


Experiments on Complex Functions 2 

EXPERIMENTS ON DISCRIMINATION OF 
THICKNESS OF LINE 

When the thickness of one half part of a line or slit is dif- 
ferent from the other, then the smallest perceptible difference 
in thickness will be a measure of the function which in this 
book has been termed the discrimination of thickness of line. 
According to the theoretical division of the visual sense into 
partial functions the discrimination of thickness of line should 
be a simple function of the simultaneous intensity discrimina- 
tion when the object is above a certain size (vide p. 44). This 
assumption is also confirmed by the fact that if the light in- 
tensity of one half of a luminous slit is reduced, that particular 
half part will appear narrower than the other. In spite of the 
similar appearance of the two objects the discrimination of 
thickness of line rests on a physiological basis quite different 
from that of the aligning power (vide p. 43) . 

The experimental apparatus, which is described in details 
on p. 99, allowed for experiments with a luminous slit in an 
unilluminated ground as well as an unilluminated slit in a 
white ground .illuminated from before. Two thresholds were 
determined through these experiments, threshold I being the 
smallest discriminable increase in thickness of one half 
of the slit, and threshold 11 the smallest observable decrease 
in thickness (conf. p. 102). 

As mentioned on page 66 Adler & Meyer (1935) found that 
the discrimination of thickness of line is equally acute every- 
where in the fovea, but deteriorates rapidly from the border 
of the fovea and outwards. This suggests thfe existence of a 
» physiological fovea®, the size of which corresponds to the 
anatomical (up to an eccentricity of 42’), but this is directly 
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contradictory to the dependence of the other functions on the 
retinar eccentricity which has been substantiated in the pre- 
ceding chapters. It was therefore endeavoured to repeat Adler 
& Meyer’s experiments. The influence of the retinal illumina- 
tion and the dimensions of the objects on the thresholds read 
was also investigated. 


A. Discrimination of Thickness of JLine at 
Tarions Retinal Eccentricities. 

The aim of the experiments was — as mentioned above — 
to verify Adler & Meyer’s theory about a » physiological 
fovea « with an outer boundary at an eccentricity of 42’. The 
object used by the two authors for their experiments was a 
dark slit in a white screen illuminated from before by flashes 
of light of a duration of 0.16 seconds. The length of the slit 
was 2'ir40”, the width of the stationary half of the slit 35”. 
As the first orientating experiments did not give results con- 
firming those of Adler & Meyer, it was found desirable to 
investigate the dependence on the retinal eccentricity under 
various conditions, in the first place with a luminous slit in 
xmilluminated ground in the second place with an unillumi- 
nated slit in a constantly illuminated white ground, and in the 
third place with the same object momentarily illuminated (vide 
p. 89). The unilluminated slit was of the same dimensions as 
the object used by Adler & Meyer. 

At the experiments with a luminous slit in an un- 
illuminated ground the length of the slit was 2*15’, 
the width of the stationary half of the slit T. In the area from 
the centre to an eccentricity of 5° the increase of both thre- 
sholds (vide fig. 30 a) with increasing eccentricity is only 
slight, there is no indication of a »physio logi- 
cal fovea®. The experiments with an unilluminated 
slit ill white ground yield the. same result both by 
continuous illumination and by an exposure time of 0.07 se- 
conds (vide. fig. 30 b and c and table XV in which Adler & 
Meyer’s results are recorded) . 
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Fig. 30. 

jDiscriminaG'on of (hickness of line at various retinal eccentricities. 
Abscissa; Eccentricity in degrees. 

Ordinate; Variation in the width of the slit m sec, of arc. 

— — Threshold I. 

— — Threshold II. 



a. Luminous slit in unitluminatcd around. Dimensions of the slit; length; 2 .IS', width; 
60". Continuous illumination. Average for 3 subjects (A, G, S). 

Displacement threshold. 



0 " r F’ • 3 ^ 4^ 5 ' 


eccentricity 

b. Unilluminalcd stit in lohitc ofound. Continuous iliumination from before. Dimen- 
sions of the slit; length; 2. ft'. 10", width; 35". Average tor 3 subjects (A, V, S). 



c. Unilluminated slit in while around, momentary illuminalion (0.37 see.). Dimensions 
ol the sht as m b. Curves for 3 subjects (A. V and S). In order to make the graph 
more persmeuous threshold II has not been included. 

Threshold I according to experiments by Adler d- Meyer (1935). 
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Table XV. 

Discrimination of thickness of line at various eccentricities. 
According to experiments by Adler & Meyer (1935). Object: 
dark slit (35” wide,2-ir40”long) on white ground, illuminated 
momentarily (0.16 sec.). 

Eccentricity 

retino-nasally : 0 11’ 25’ 29’ 34’ 36’ 38’ 39’ 45’ 

Threshold I: 20” 20” 20” 20” 20” 27” 28” 35” 44” 

It cannot be explained with certainty why the dependence 
on the retinal eccentricity of the discrimination of thickness 
of line is much less pronounced than that of the aligning po- 
wer (vide fig. 30 a) . It shall only be suggested that, as the min, 
separabile for luminous points is a function of the physio- 
logical resolving power, while the discrimination of thickness 
of line, under, the conditions mentioned, is a function of the 
intensity discrimination, the dependence on the eccentricity of 
the aligning power, which, according to chapter VII, is a com- 
plex function of both, will probably lie between that of the 
two other functions. 

As the discrimination of thickness of line is a measure of 
the differential threshold, it must be possible to determine 
the size of the latter in per cent as the ratio between the 
variation of the thickness of the line and the width of the 
constant half of the slit. According to this the threshold for 
discriminable increase of intensity is calculated from the 
results of the experiments with a luminous slit in unillu- 
minated ground to have an average value of 60 per cent 
centrally and 95 per cent at an eccentricity of 5°. From a 
corresponding experiment (p. 171) the figures are found to be 
52 per cent and 121 per cent, that is roughly a doubling 
of the differential threshold. In this connection it 
may be stated that through experiments with Masson’s discs 
Dobrowolsky & Going (1876) and Bjerrum (1882 (vide 
p. 60) found the differential threshold at an eccentricity of 5" 
to be twice as large as the differential threshold centrally. 

Before discussing the discrepancy between Adler & Meyer’s 
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Fig eccentricity 

Discrimination of thickness of line at various retinal eccentricities, Experimenlf 
on the accuracu o/ (he ciperimcnts. 

Object: Unillnminated slit in white gronncl, momentarily illuminated (0.07 seconds). 

Dimensions of the slit; Length; 2 *11' 40", width: 35". Curves for three subjects (A, V 
and S'. 

To make the graph more perspicuous threshold 11 has not been included. 

Round each point of the curve a circle has , been drawn, the radius of which denotes 
the dispersion of the threshold readings measured in seconds of arc. 
Abscissa: Eccentricity in degrees. 

Ordinate; Variation in width of slit in seconds of arc. 

■ - ' Threshold I. 

— — — Threshold I according to experiments by Adler <t Meyer (1935). 


results and those of the present experiments, a description will 
he given of experiments on the accuracy of the determina- 
tion of thickness of line. 

The accuracy of the experiments. 

With the same objects as those used in the experiments 
described above, other experiments on the accuracy of the 
threshold determinations were carried out. 20 readings of each 
threshold divided in four series were performed, centrally as 
well as at an eccentricity of 5°, with luminous slits. Correspon- 
ding experiments were performed with momentary illumina- 
liori (0.07 sec.) of a white ground with an unilluminated slit, 
centrally and at eccentricities of 30' and 2°. The number of 
readings was 20 as in the above mentioned experiment, but 
the readings were divided in four series carried out in the 
course of two days. 

The experimental results appear from table XVI and fig. 31. 

In proportion to the small amount by which the two 
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thresholds increase with the eccentricity the dispersion of the 
results is rather large and the percentage accuracy on the 
whole not very good. All the results from experi- 
ments on the discrimination of thickness of 

Table XVI. 

Dispersion and variation coefficient by experiments on the 
discrimination of thickness of line, centrally and by indirect 
vision. 

a. Luminous slit in unilluminated ground (length of the slit; 
2-15’, width: 60”). 

Increase (threshold I) and decrease (threshold II) of the width 
of one half of the slit, measured in seconds of arc. 


Subject 

0 

5 

Meridian 

Number of 
readings 

Threshold I A. 

24” 

44” 

retino-temporal 

20 

V. 

37” 

91” 

retino-nasal 

20 

S. 

32” 

83” 

retino -nasal 

20 

Threshold 11 A. 

11” 

20” 

retino-temporal 

20 

V. 

16” 

35” 

retino-nasal 

20 

S. 

26” 

34” 

retino-nasal 

20 

Standard deviation 

H- 




Threshold I A. 

4.8” 

11” 

retino-temporal 

20 

V. 

7.3” 

13” 

retino-nasal 

20 

S. 

9.1” 

22” 

retino-nasal 

20 

Threshold 11 A. 

3.5” 

3.6” 

retino-temporal 

20 

V. 

9.7” 

4.3” 

retino-nasal 

20 

S. 

3.4” 

4.0” 

retino-nasal 

20 

Variation coefficient (k). 




Threshold I A. 

20 

25 

retino-temporal 

20 

V. 

20 

14 

retino-nasal 

20 

S. 

28 

27 

retino-nasal 

20 

Threshold 11 A.. 

32 

18 

retino-temporal 

20 

V. 

61 

12 

retino-nasal 

20 

s. 

13 

12 

retino-nasal 

20 
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b, Unillumintited slit in white ground illuminated from before. 
Momentary illumination (0.07 sec.). The length of the slit 
2-ir40”, width: 35”. 


The increase (threshold I) and decrease (threshold II) of the 
width of one half part of the slit, measured in seconds of arc. 


Subject 0° 

30’ 

2° 

Number of 

Meridian readings 

Threshold I A. 4” 

5” 

8” 

retino-temporal 

20 

V. 13” 

20” 

55” 

retino-nasal 

20 

S. 45” 

46” 

50” 

retino-nasal 

20 

Threshold II A. 14” 

14” 

12” 

retino-temporal 

20 

V. 20” 

22” 


retino-nasal 

20 

S. 24” 

26” 

29” 

retino-nasal 

20 

Dispersion (S) of the threshold determinations. 


Threshold I A. 2.1” 

2.1” 

2.2” 

retino-temporal 

20 

V. 5.0” 

4.7” 

9.2” 

retino-nasal 

20 

S. 3.3” 

1.8” 

2.7” 

retino-nasal 

20 

Threshold II A. 1.7” 

2.2” 

2.0” 

retino-temporal 

20 

V. 2.9” 

3.3” 


retino-nasal 

20 

S. 1.8” 

1.3” 

1.5” 

retino-nasal 

20 

Variation coefficient (K). 

Threshold I A. 56 

44 

29 

retino-temporal 

20 

V. 51 

25 

16 

retino-nasal 

20 

S. 7 

4 

5 

retino-nasal 

20 

Threshold II A. 12 

22 

16 

retino-temporal 

20 

V. 14 

16 


retino-nasal 

20 

S. 8 

5 

5 

retino-nasal 

20 


line must therefore be taken with some reser- 
vation. 

An explanation of the difference between the re- 
sults of Adler & Meyer and those of the present 
experiments cannot be given with certainty. The difference 
in exposure time carmot be of any importance. It would be 
natural to ascribe the difference to the poor accuracy of the 
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threshold determinations. If the subject’s eye has not been 
properly light-adapted, this may also have a certain influence, 
and it does not appear from Adler & Meyer's paper, whether 
this was the case or not (ref. p. 66) . 

B. The Influence oi the Betinal Illumination on 
the Discrimination o£ Thickness of Itine. 

If it is possible to regard the discrimination of thickness 
of line as a measure of the simultaneous intensity discrimi- 
nation, the function must be relatively independent of the 
light intensity. 

By means of an object consisting in a luminous slit (width: 
60", length: 2-ll’40”) in unilluminated ground it was there- 
fore endeavoured to investigate the influence of the bright- 
ness of the object on the discrimination of thickness of line 
within a range of intensities from threshold brightness (1.4 
lux on the retina) to pronounced glare (100 lux). It appears 
from fig. 32 that centrally the determination of thick- 
ness of line is independent of the illumination except by 
glare, where the thresholds examined increase slightly. By 
indirect vision (5* ecc.) the thresholds first decrease 
slightly, then remain constant and again increase when glare 
occurs. 

The course of the curve found corresponds 
to the one which characterizes the differen- 
tial threshold (mentioned on page 7) and 
thus confirms that under the given condi- 
tions the discrimination of thickness of line 
is a measure of the intensitj^ discrimination. 

C. The Influence of the Dimensions of the Object 
on the Discrimination of Thickness of liine. 

1. The Influence o£ the Iiengrth o£ the I<ine. 

In experiments on the discrimination of thickness of line 
it is an absolutely necessary condition that each half part of 
the test object is of such a length that it can be recognized as 
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/ £ 

FiQ. 32, tog. rclinat illumlnition 

Discrimination of thickness of line nt varning retinal illtiminalion, ccnitalln and at 
an ccccnfricilu. 0 / 5° (relino-nasallu). 

Object: Luminous slit (2.15' louft. 60" wide) in unilluminatcd ground. Average lor 

2 subjects (A and V). To make the graoh more perspicuous threshold II 
has not been included. 

Abscissa: The logarithm of the retinal illumination (in lux). 

Ordinate; Variation of the width of the slit in sec. of arc. 


a line or slit by the subject. If the slit is shorter, an increase 
in » thickness « will manifest itself in the appearance of a 
horizontal line or an obtuse angular figure, i.e. the function 
measured will be a measure of the form sense rather than the 
discrimination of thickness of line. If the discrimination of 
thickness of line was closely related to the aligning power, it 
was to be expected that the former improved with increasing 
length of slit (conf. p. 164), If, however, the discrimination of 
thickness of line is only a measure of the intensity discrimi- 
nation the influence of the length of the slit is unpredictable, 
as the few experiments which have been carried out on the 
variation of the simultaneous differential threshold with the 
size of the object have been performed with a circular object, 
the brightness of which was compared with that of its sur- 
rounds (vide p. 9) . 

The average results of experiments with three subjects, by 
central vision and with an object consisting of a 60” wide 
luminous slit appear from fig. 33. It will be seen that the 
length of the slit has no influence when the length is more 
than abt. 4 times the width. The experiment thus confirms 
that the discrimination of thickness of line, 
in contradistinction to the aligning power, is 
to a great extent independent of the length 
of the line. This result indicates that the 
differential threshold, when determined for 
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Fig. 33. */£ length of slit 

The influence oj the length o/ the line on the discrimination of thickness of line 
bg central vision. 

Object: Luminous slit in uniiluminated ground. The svidth of the stationary half 

part ol the slit: GO". Average for 3 subjects (G, V, S'). 

.Abscissa: Length of each halt part of the slit in sec. of arc. 

Ordinate: Variation of width of slit in sec. of nrc. 

Threshold 1. 

Threshold 11. 


two narrow rectangles in alignment with 
eachother, will react in the same way. 

2. The Importance oJ the of the JLinc. 

If the thresholds determined in connection with discrimina- 
tion of thickness of line consisted in an appreciation of the 
displacement of a contour, as by the determination of the 
aligning power-, the width of the line (slit) would probably be 
of slight importance. If, however, the threshold is a function 
of the intensity discrimination, a certain interdependence be- 
tween the length of the boundary line separating the two »pho- 
tometer fields* (the widtli of the slit) and the thresholds 
examined would probably be found. 

By experiments with a luminous slit, 2’18’20” long, in 
uniiluminated ground both thresholds were found to be depen- 
dent on the width of the stationary half of the slit by central 
Vision (fig. 34:). The thresholds increase with increasing width 
of the slit, not linearly, but gradually less and less. The smallest 
discriminable increase or decrease of the width of one half of 
the slit is thus a gradually decreasing fraction of the width of 
the stationary slit. Expressed in per cent threshold I decreases 
from about 62 to 26 per cent. If these figures are taken to be 
a measure of the intensity discrimination, it may be concluded 
from the experiments that the intensity discrimina- 
tion within the area, examined increases 
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Fig. 34. width of stationary half part of the slit 

The influence of the width of the slit on ihe discriminaiion of thickness of line 
bo central vision. ' 

Object; Luminous slit (2 .18' 20" long) in unillumlnatcd ground. Average for 3 
subjects (G, V, S). 

Abscissa: Length of each half part of the slit in sec. of arc. 

Ordinate: Variation of width of slit in sec. of arc. 

" ■ ■ " Threshold I. 

Threshold 11. 


with the stimulated retinal area. (conf. p. 9). 
It is not, however, certain that the discrimination of thickness 
of line by maximum thickness is a function of the intensity 
discrimination exclusively, as threshold I (the smallest recog- 
nisable increase in thickness) is here so large (60”) that it 
may be possible to estimate the absolute width of the slit. 

The influence of the dimensions of the 
line on the discriminaiion of thickness of 
line thus confirms — as do the experiments 
on the influence of the retinal eccentricity 
and illumination — the theory that under 
suitable experimental conditions the discri- 
mination of thickness of line is a function of 
the simultaneous intensity discrimination. 




Chapter IX 


Appendix 

EXPERIMENTS ON TROXLER’S 
PHENOMEN-ON 

It is generally assumed that the sensitivity of the retinal 
functional units is constant. It has already been mentioned on 
pp. 34, 131 and 156 that this does not seem to be the case, as 
various experiments cannot be explained except by resorting 
to a theory about an alternating activity of the functional units. 
In order further to expound this problem some experiments on 
Troxler’s phenomenon are recorded in the following. 

A. Troxler’s Phenomenon and the Theories 
Advanced in Explanation of it. 

In the year 1804 the Swiss, Ignaz Troxler, recorded the 
observation that even if a steady fixation is maintained by 
monocular vision it will be possible with the indirect vision to 
observe the disappearance of small stationary objects, although 
their images do not fall on the blind spot of Mariotte. This 
experiment has been confirmed several times since then, e. g. 
by Purkinje {1823'*'®’'^^) who observed that the fixation point 
itself could also disappear, and that the vanished object could 
reappear, even if the steady fixation was maintained. Aubert 
(1865 1®®) explained the phenomenon as a result of fatigue, 
while Helmholtz (1867 did not find it possible to give any 
satisfactory explanation. Holth (1896 who made an inten- 
sive study of Troxler's phenomenon and other phenomena due 
to » gazing blindness*, found that the disappearance of larger 
objects by indirect vision could be avoided by intermittent 
blinking, probably because the eye performs small movements, 
so that the image falls on new, unfatigued elements. The 
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disappearance of points and quite small objects even under 
constant blinking could, according to Holth, only be explained 
by means of variations in the attention. With the experimental 
technique applied by Holth he had hardly any opportunity to 
observe the disappearance of objects seen centrally. 

Without apparently having any knowledge of previous 
literature on this subject V. Hensen (1897) described Troxler's 
phenomenon, when the object is a number of black or faintly 
luminous points seen centrally. If a certain point is fixated, 
some of the points — and sometimes the fixation point as well 
— will presently be seen to disappear, but soon after that they 
will reappear, while other points become invisible for a time. 
This alternation between visibility and invisibility of the 
points takes place quietly, but it is not possible for the subject 
to recognize any system. Under optimal experimental con- 
ditions especially by relatively low illumination, abt. of the 
points disappear simultaneously. 

As the alternation of the points takes place quietly and not 
at all by jerks, Hemen concludes that the phenomeon cannot 
be due to movements of the eye, but he assumes that the 
points disappear, when their retinal images fall on the spaces 
l)etween the outer segments of the cones and thus on parts of 
the retina which is supposed to be insensitive. This explana- 
tion, which is also given by Duke-Elder (1938^°^), can hardly 
be maintained, when the involuntary oscillating movements of 
the eye and the magnitude of the minimal retinal image are 
taken into consideration. 

»The changing play of the details in the intrinsic light of 
the retina* has also been used as explanation of the pheno- 
menon (F. Klein, 1911) without the actual solution of the 
problem having been brought any nearer. 

Hofmann (1925 draws the attention to an interesting 
observation made during experiments with Hensen’s point 
objects. When the subject gazes at the points for a consider- 
able time, they will appear to change their shape, become 
indented and angular. Often two points side by side are 
seen in stead of one point. 

It is further possible that the functional units gradually 
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become insensitive to the constant light stimulation a kind 
of local adaptation (conf. p. 129). With regard to central 
vision, however, this theory does not conform with the fact 
that the points reappear on continued fixation {Hofmann 
1925 The importance of local adaptation for indirect 
vision will be dealt with later on. 

As Troxler’s phenomenon does not only appear by indirect 
vision, but also by central and paracentral vision it cannot — 
as proposed by Holtb (1896 — ^0 explained by variations 

in the attention which is especially attached to central vision 
(vide pp. 54 and 119) and can hardly be imagined to change 
according to a speckled pattern. 

There is, however, another possible explanation which has 
not been pointed out before, namely the theory mentioned on 
pp. 34 and 156, according to which the retinal functional units 
display an alternating activity consisting of active 
and relatively refractory periods, it being assumed that the 
images of vanished points fall on refractory units. If the theory 
holds, Troxler^s phenomenon must be clearly dependent on the 
retinal illumination. It has been endeavoured to elucidate this 
problem in the following subsection. 

When considering the problem more closelj^ it will be seen 
that the theory about alternating activity can only explain tlie 
disappearance of luminous points directly, while it is necessary 
further to expound the theory with regard to dark points on 
luminous ground. It has previously (p. 107) been mentioned 
that a great number of the functional units in the centre of the 
fovea consist of numerous cones. If it is assumed that in addi- 
tion to the alternating activity of the functional units the 
individual cones, of which they are made up, also have relati- 
vely refractory periods, the 'images of dark points may be 
supposed now and then to fall on such refractory cones. In that 
case other cones belonging to the same unit are perhaps in 
their ' active period, and the unit as such is stimulated. The 
retina will not register the dark point, it will be invisible as 
long as it falls bn refractory cones. 

It might accordingly be expected that -'Oh a luminous sur- 
face of threshold brightness dark spots corresponding to 

12 * 
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inactive units would be seen. Even if actual, well-defined spots 
are riot seen, such a surface appears somewhat inhomogenous, 
just as the luminous polygons of threshold brightness, used in 
the experiments on form sense and described in chapter VI, 
could often be seen to »loose« a vertex temporarily. 

An objection might be raised against the theory about the 
alternating activity of the functional units, namely that it 
cannot explain the disappearance of large objects. To this it 
may be averred that relatively large objects only vanish by 
indirect vision, and that the corresponding functional units are 
much larger than in the centre of the retina, and that outside 
a certain limit there are no functional units at all, so that the 
mechanism of the phenomenon must be another here. Probably 
local adaptation plays a certain r6Ie by indirect 
vision (vide p. 72). (Conf. the fact that the fusion frequency 
of flicker by indirect vision decreases steadily with increasing 
exposure time, while by central vision the same function is 
fairly independent of the exposure time (Granit, 1936®®)). 


B. Experiments on tlie Influence of the Retinal 

Illumination. 

During the experiments on the influence of the retinal illu- 
mination on TroxJer’s phenomenon the visibility of a luminous 
point on quite unilluminated ground was registered by central 
vision. Light adaptation and artificial pupil was used as by 
the other experiments. The luminous point was produced by 
means of a square aperture, 30” by 30”, placed in front of the 
usual illuminating system. 

In order to maintain fixation during the periods when the 
point was invisible a red, luminous point, 100” by 100”, of 
somewhat higher intensity had been placed on either side of 
the original point at a distance of 10’. By pressing down a tele- 
graph key the subject indicated when the luminous point 
vanished and reappeared. The telegraph key closed and inter- 
rupted the current to an electro-magnetic writing device 
Which wrote on a chronograph drum on which the time was 
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also marked. Readings were taken at various light intensities, 
they were always repeated in the opposite order to eliminate 
effects of fatigue. Each reading lasted abt. 45 seconds. The 
experiments were carried out with two subjects. 



— Subject V. 


By these experiments Troxler's phenomenon (vide fig. 35) 
was shown to be clearly dependent on the retinal illumination, 
which substantiates the probability of the theory advanced and 
tells against the opinion that the movements of the eye is of 
special importance for the phenomenon, especially for the 
reappearance of the points. 

According to this it should be possible to 
explain Troxler’s phenomenon for luminous 
points by central vision in the following man- 
ner: By low retinal illumination only a part of 
the retinal functional units are in their active 
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period, the others are refractory. When the 
diffraction disc which constitutes the retinal 
image of the point, during an elementary fixa- 
tion (vide p. 5 6) falls on a refractory unit, the 
point will be invisible, but it will reappear if. 
during another elementary fixation, theimage 
falls on an active, responsive unit. 



CONCLUSIVE REMARKS ON CENTRAL 
AND INDIRECT VISION 

A collected representation of the results of the investiga- 
tion, with a view to the experimental results recorded in the 
previous chapters, is a task which naturally falls in two parts. 
In the fir.st place an account shall be given of the relation 
between central vision and retinal structure, and secondly the 
points at which indirect vision differs from central vision at 
varying eccentricities shall be dealt with. 

Central Vision. 

It has been possible on essential points to confirm the 
theoretical analysis of the physiological components of the 
visual sense (vide chapter I) . 

The physiological component of the visual sense is divided 
in light sense, colour sense and the physiological resolving 
power. 

Light sense is measured by the differential threshold 
(p. 6) which e. g. may be determined by means of the func- 
tion »discriminalion of thickness of line®, when the object is 
above a certain minimum length, .so that the lines may be re- 
cognized as such, and one component of the complex function, 
the form sense, be eliminated thereby (p. 45). 

Through experiments on the discrimination of thickness of 
line the differential threshold is found to be practically in- 
dependent of the retinal illumination, until 
glare occurs and causes an increase (p. 173). With regard to 
the dimensions of the objects the width of the line — 
but not the length — has an influence on the discrimination 
factor in per cent within the field examined, i. e. the length of 



184 


VIGGO CLEMMESF.N 


the boundary line between the two spbotomeler fields* 
(p. 175). 

Not only the discrimination of thickness of line, but 
also the minimum separabile may be a function of the in- 
tensity discrimination, if the contrast between the object and 
its background is not luminous/unilluminated or vice versa, 
but illuminated/less illuminated (pp. 24 and 144). The case 
may be the same for luminous squares on unilluminated 
ground, if the squares are so large that the min separabile 
becomes smaller than the resolving power for the optical sy- 
stem of the eye. (p. 138). 

The colour sense shal not be dealt with here. 

The physiological resolving power is mea- 
surer by means of the min. separabile for luminous squares of 
threshold brightness on unilluminated ground or unilluminated 
squares on luminous ground also of threshold brightness. The 
perception of the movement of a luminous point on unillu- 
minated ground can also be used as an expression of the phy- 
siological resolving power (p. 150), as can the form sense 
under certain conditions and with certain reservations (p. 152). 

By the experiments on the physiological resolving power 
it proved possible to reproduce the chief points of Bergefs 
(1936, 1939) and Berger dc BuchthaVs (1938 a and b) expe- 
riments. 

The size of the functional units in the re- 
tinal centre varies. The smallest units probably 
consist in single cones. The diameter (abt. 40” to 45” or 3.2 p 
to 3.7 p) may be determined as the min. separabile for unillu- 
minated squares (the length of side of which is more than 
abt. 5’) on luminous ground of threshold brightness [Berger, 
1939 and p. 143). The average diameter of the functional units 
is abt. 3’, and they must consequently consist of a group of 
cones [Berger & Buchtlial, 1938 a and p. 107). The width of 
such a group may be determined in three ways. In the first 
place it may be determined as the min. separabile for luminous 
squares (length of side < abt. 40”) of threshold brightness on 
unilluminated ground (p. 134). In the second place the width 
of the functional units may be measured by the smallest dis- 
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cernable movement of a luminous point (of threshold bright- 
ness) on unilluminated ground + the* diameter of the diffrac- 
tion disc + the excursion of the eye due to its constant oscil- 
lating movements (p. 148). Finally the width can be deter- 
mined approximately as slightly less than half of the length of 
side which a luminous square of threshold brightness must 
have in order for its angularity to be recognizable (p, 152). 

The functional units have an alternating activity, 
a certain number of them onlj^ being active at low retinal illu- 
mination, while the others are refractorj'. When the retinal 
illumination increases, a larger number of units are stimulated 
above their intensity threshold, whereby the number of active 
units per unit of area increases, and the form sense is improved 
correspondingly. {Berger <£ Buchthal 1938 b and p. 156). The 
alternating activity of the units may be observed directly by 
experiments on Troxler’s phenomenon, which is most 
pronounced at low retinal illumination (p. 181). 

In contradistinction to the functions mentioned hitherto the 
aligning power is always a complex function, as it is a 
function of the physiological resolving power as well as of the 
intensit)' discrimination. Thus the displacement threshold de- 
creases with the length of the slit, while the discrimination of 
thickness of line is independent of the latter length (pp. 164 
and 174). 


Indirect Vision. 

The light sense decreases very slowly with increasing 
retinal eccentricity, the intensity discrimination, measured by 
the discrimination of thickness of line at an eccentricity of 5 , 
being only half of what it is centrally. The dependence is slight 
compared with the experimental error. It has not been pos- 
sible to prove the existence of the > physiological fovea« found 
by Adler & Meyer (1935). (p. 167). 

The colour sense by indirect vision is not dealt with. 

The physiological resolving power yields in- 
formation with regard to the retinal structure and is therefore 
of the greatest interest when comparing central and indirect 
vision. 
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Indirect vision 1) e g i n s already at a distance 
of less than 2.7’ from the centre of the visual 
field, the min. separabile for luminous points being smaller 
already at this eccentricity than it is centrally. Thus the 
extent of central vision on the retina is the 
same as that of the fixation area. (p. 108). 

The physiological resolving power decreases rapidly witli 
the eccentricity irrespective of the structural limits in the re- 
tina (the border of the fovea and the rod-free area). The 
diameter of the functional units increases 
with the e c c e n t r i c i t up to 3* in t li e horizon- 
tal and 2° in the vertical meridian, outside 
this boundary t h e r e a r e no functionally sepa- 
rated units, the nerve impulse p rob ably sprea- 
ding through the horizontal neural connec- 
tions of the retina (pp. 139 and 150). The variation 
of the size of tlie functional units within the fovea is caused by 
variations in the average diameter of the cones, while outside 
the fovea both the distance between the individual cones and 
the greater number of cones per optic nerve fibre influences 
the size of the functional units. The dispersion of the impulse 
in the retina has the effect tliat the influence of the 
retinal eccentricity on the perception of mo- 
vement is not so pronounced as it is on the 
min. separabile. (pp. 69 and 150). 

The fact that from 2' and outwards the min. 
separabile in the vertical meridian differs 
from that in the horizontal must be caused by 
the distribution of the nerve , fibres to the va- 
rious parts of the retina, (p. 119). 

The great importance of the attention for 
indirect vision appears from the fact that it is impossible 
to pay equal attention to all parts of a central visual field cor- 
responding to more than a part of the fovea, and that a diver- 
sion of the attention from central to indirect vision or vice 
versa reduces the visual acuity centrally or peripherally re- 
spectively (p. 122). 

The complex function, the aligning power, varies 
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somewhat with the retinal eccentricity, as the displacement 
threshold (p. 161) increases. The dependence is not so pro- 
nounced as that of the min. separabile, but more marked than 
that of tlie discrimination of thickness of line, and this is in 
conformity with the conception of the aligning power as a 
function of the light sense as well as of the physiological re- 
solving power. 



SUMMARY 


Our knowledge of indirect vision is rather deficient. Even if it 
can be taken as settled that the visual acuity decreases with in- 
creasing retinal eccentricity, there arc great discrepancies between 
the statements made by various authors with regard to the extent 
of the retinal area to which central vision is attached as well as to 
the rapidity with which the visual acuity decreases. Neither do the 
authors agree about the explanation of the difference between cen- 
tral and indirect vision. Some authors attach the greatest importance 
to the optical conditions, others consider structural factors and 
others again psychological factors as being of essential importance. 

It was consequently thought desirable to carry out new experi- 
ments. 

In order to find methods and objects suitable for comparative 
experimental investigations of central and indirect vision an analysis 
of the visual sense was carried out in the first chapter of this book; 
on the basis of the literature on this subject, the visual sense being 
for this purpose divided in light sense, colour sense and physiolo- 
gical resolving power. 

The finer analysis consists in a division of tlie visual sense in 
»partial functions«, i. e. simple fxinctions, as for instance the min. 
separabile and the differential threshold, by means of whicli special 
aspects of the visual function may be examined. Particular stress is 
laid upon such functions as may be expected to be suitable for 
measuring the physiological resolving power and tliereby be cor- 
related to the retinal structure. 

The light sense is measured by the discrimination factor. 
The dependence of the differential threshold on light intensity, adap- 
tation level and the size of tlie object is discussed, those investigations 
being left out of regard in which tlie adaptajion level and light in- 
tensity have not been varied independently of each other. The inten- 
sity threshold is mentioned. It is emphasized tliat the smallest visible 
retinal image of a luminous point is obtained when the light intensity 
of the point is just above the intensity threshold. 

In order to keep the extent of the present investigation within 
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certain limits the physiology of the colour sense is not dealt 
with in details, but a few of the results of the electro-physiological 
investigations of the last few years are mentioned shortly. 

Under the heading, the physiological resolving po- 
w e r, an account is given of the possibilities of exact localization of 
image points in the monocular visual field, also of the importance of 
the optical factors, especially the resolving power of the optical sy- 
stem of the eye, and of the anatomical structure of the fovea. 

The conception, »a functional u n i t«, is defined as the num- 
ber of cones which through conducting neurones are connected to 
the same optic ganglion cell. From our knowledge of the structure of 
the retina it may, be concluded that the functional units in the centre 
of the fovea consist of at least one cone, while the possibility that 
the units are larger cannot be rejected on beforehand. As the size 
of tlie cones outside the centre proper increases, the functional units 
must also vary in size (area) wdthin the fovea. 

The minimum separabile is defined, and its applicability 
as a measure of the physiological resolving power is discussed. An 
account is given of a theory advanced by Berger & Buchthal ac- 
cording to which the min.separabile is only a function of the average 
size of the functional units and consequently of the physiological re- 
solving power, when it is determined for luminous points oi thre- 
shold brightness on unilluminated ground, and that the min.sepa- 
rabile for objects illuminated from before is always a function of the 
intensity discrimination (light sense). The theory is substantiated and 
expounded by a detailed review of previous investigations on the de- 
pendence of the min.separabile on the size of the object, its relation 
to the retinal mosaic and the influence of the light intensity. Under 
the latter heading it is mentioned how the intensity discrimination, 
the dispersion of light in the eye and the variation of the number 
of active functional units per unit of area influences the min.sepa- 
rabile, when using different objects and conditions of illumination. 

Other partial functions which must be considered to be functions 
of the physiological resolving power are then dealt with, namely the 
perception of the movement (of a luminous point) and 
the form sense (the ability to recognize the simple contours of 
objects), their relationship to the retinal mosaic being outlined. 

In contradistinction to the »partial functions® complex functions 
are taken to indicate functions the physiological basis of which is 
so complex that they so to speak »originates(( from several partial 
functions. Of complex functions the following are dealt with: the 
aligning power, the discrimination of thickness of line and the mini- 
mum legibile, which are ail frequently considered to be, and used as, 
a measure of the visual acuity. For each function its correlation to 
the other complex functions is further substantiated. 
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The second chapter, which deals with indirect a’ i s i o n, is 
divided in three sections. In the first section a description is given 
of how the indirect vision must differ from central vision on ac- 
count of differences in the optical imagery and the structure of the 
retina and in the influence of attention and practice. A review of 
previous physiological investigations on indirect vision is given in 
the second section, and the third contains a discussion of the theore- 
tical explanation of the differences belAVCcn central an indirect vision. 

It is explained why the field of central vision on the retina must 
be either equal to or larger than the retinal fixation area. From 
objective measurements of the movements during fixation as Aveli as 
from subjective experiments it may be concluded that the fixation 
area must be betAveen 2.5’ and 5’ in diameter, and the extent of cen- 
tral vision must cither be of the same size or he still larger. 

In the section about previous comparative inA’csligations on cen- 
tral and indirect vision the papers in queslio!\ are dealt with ac- 
cording to the diA'ision of the visual sense stated in chapter I, in 
order hereby to obtain a view of the problems of indirect vision and 
a basis for new experiments. It appeans from the revicAV of preA'ious 
iimstigations that none of them have been carried out under such 
conditions, that it Avould be possible Avithout essential reservations 
to correlate the results to the retinal mosaic. 

In the SECOND PART a description is given of the author’s own 
investigations consisting in comparatiA’C, sense-pliysiological experi- 
ments on central and indirect vision. Experiments on the following 
functions arc recorded; the minimum scparahilc, perception of moA-e- 
ment, form sense, aligning power and discrimination of lliickncss 
of line. In the following a summary of the main points of the experi- 
mental results shall be given. 

The experiments confirm the correctness of the correlation of the 
individual functions examined which is given in chapter I. The dis- 
crimination of thickness of line must Uius be interpreted as a function 
of the intensity discriminaton (light sense), Avhen the object exceeds 
a certain minimum size. The min.separabile for objects illuminated 
from before may also ser\'e as a measure of the light sense. 

The physiological resolving poAver is measured by the min.sepa- 
rabile for luminous squares of threshold brightness on unilluminated 
ground or unilluminated squares on luminous ground also of tiirc- 
shold brightness. The perception of the movement of a luminous 
point on unilluminated ground can also be used as a measure of the 
physiological resolving poAver, as can the iorm sense Avith certain 
reservations and under certain conditions. 

It proved possible by the experiments on the min.separabile and 
the form sense to. reproduce the main points of Berger's and Berger 
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& Buehthal's investigations. The size of the functional units in the 
centre of the retina varies from single cones to larger groups of cones 
connected to tlie same optic nerve fibre. The average diameter of 
the functional units is abt. 3’. Th( functional units must be assumed 
to have an alternating activity, a certain number only being active at 
low retinal illuminations while the others are relatively refrac- 
tory. When the retinal illumination increases a larger number of 
units will become stimulated above their intensity threshold, whereby 
the number of active units per unit of area increases. It seems pos- 
sible to observe the alternating activity of the units directly through 
experiments on Troxler’s phenomenon, the latter being most pro- 
nounced at low- retinal illuminations. 

In contradistinction to the functions hitherto mentioned the 
aligning power must always be of a complex nature, it being a func- 
tion of the ph}'sioIogical resolving poxver as well as of the intensity 
discrimination. 

The light sense by INDIRECT VISION, measured by the 
discrimination of thickness of line, decreases only slowly with in- 
creasing retinal eccentricity. 

The physiological resolving power yields informa- 
tion on the retinal structure, and it is therefore of the greatest in- 
terest for comparisons between central and indirect vision. Indirect 
vision begins already at a distance which is less than 2.7' from the 
centre of the visual field, as the min. separabile even at this small 
eccentricity is larger than it is centrally. The extent of central vision 
on the retina is thus the same as the fixation area. The physiological 
resolving power decreases rapidly with the eccentricity, -irrespective 
of the structural limits in the retina (the border of the fovea and the 
rod-free area). The size of the functional units increases with the 
eccentricity up to abt. 3° in the horizontal and 2° in the vertical 
meridian, outside which eccentricities the units are no longer func- 
tionally separated, and the nerve impulse must be assumed to spread 
through the horizontal neural connections of the retina. The varia- 
tion of the size of the functional units is caused within the fovea 
by variations in the average diameter of the cones and outside the 
fovea by variations in the distance between the individual cones as 
^vell as by the larger number of cones connected to each optic nerve 
fibre. The dispersion of the impulse in the retina has the effect 
that the perception of movement is not influenced by the retinal 
eccentricity to such an extent as the min. separabile. The fact that 
outside eccentricities of 2° the values of the min, separabile in the 
vertical meridian differ from those in the horizontal meridian can 
probably be explained by the distribution of nerve fibres to the 
various parts of the retina. 

That the attention is of great importance to indirect vision 
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appears from Ihc fact that it is impossible to pay equal attention to 
all parts of a central visual field corresponding to more than a part 
of tlic fovea, and that a diversion of the attention from central to 
indirect vision or vice versa reduces the visual acuity centrally and 
peripherally respectively. 

The complex function, the aligning power, varies some- 
what with the retinal eccentricity, the displacement threshold di- 
minishing with increasing eccentricity. This dependence is less mar- 
ked than that of the min. separabiie, hut more pronounced than that 
of the discrimination of tliickncss of line, and seems to be in con- 
formity with the conception of the aligning power as a function of 
the light sense as well as of the physiological resolving power. 
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gores forst Rede for Belingelscrne for nojagtig Lokalisalion af Billed- 
punkter i det monocultcrc Synsfell, dels dQ. opliskc Forholds Belyd- 
ning, specielt Oplosningsevncn for 0jets optiskc System, dels den 
anatomiske Opbygning af fovea. 

Begrebet »cn funktioncl Enhcd« dcfincres som dot Antal 
Tappe, der ved Ledningsforbindclser cr knytlet til sammc Oplicus- 
gangliecelle. Ud fra Kendskabet til Nclhindcslrukturen maa dc funk- 
Uonelle Enheder i foveas Centrum m i n d s t beslaa af cen Tap, mc- 
dens Mulighcden af storrc Enheder ikko paa Forhaand kan afvises. 
Da Tappene uden for solve Centrum tillagcr i Storrclse, maa ogsaa de 
funktionelle Enheder varicrc i Storrelsc (Areal) inden for fovea. 

Minimum sc.para.bile dcfincres og dels Anvendclighed som 
Maal for den fysiologiske Oplosningscvne disku teres. Der gores Rede 
for en Teori hidrogende fra Berger & Biichthal, hvorefter min. sepa- 
rabile kun er et Udtryk for dc funktionelle Enheders gennemsnitligc 
Storrelsc og dermed for . den fysiologiske Oplosningscvne, naar del 
bestemmes for lysende Punkter af Tmrskclklarhcd paa lysfri Grund, 
og at min. separabile for forfra belyslc Objcklcr allid er cn Funktion 
af Forskelsfolsomheden (Lyssansen). Tcorien underbygges og uddybes 
ved cn detaillcret Genncmgang af tidligerc Undersogelser over min. 
separabiles Afhamgighcd af Objektstorrclscn, dots Forhold til Nct- 
hindemosaiken, samt Lysinlensitclcns Indflydclse. Under Omtalen af 
denne beskrives, hvorlcdcs hcnholdsvis Forskelsfolsomheden, Lys- 
spredningen i 0jeh samt en yEndring i Antallct af aklive, funktionelle 
Enheder pr. Arealcnhed kan influere paa min. separabile ved for- 
skellige Objekter og Bclysningsforhold. 

Af andre, Parlialfunktioner, der maa bclragles som Udtryk for 
den fysiologiske Oplosningscvne, gcnncmgaas‘ dcrefter Opfattel- 
sen af (et Ij^sende Punkls) Bcvrcgelsre og Formsansen 
(Evnen til at erkende Gcnstandcs .primitive Konturer), idet deres For- 
hold til Nethlndemosaikcn skitseres. 

, I Modsmlning til »Parlialfunktioncrne« forstaas ved s a m m e n- 
satte Funktioner saadanne, hvis fysiologiske Grundlag er saa 
sammensat, at de saa at sige »nedslammer« fra Here forskellige Par- 
tialfunklioner. Af sammensatte Funktioner omtales Noniussyns- 
s 1 y r k e n, B e d-p m m e 1 s e a f S I r e g I y k k e I s e samt Bog- 
s t a vsy n s s ty r k cn, som aUc.,li:ip hyppigt ;bclragtes og anvendcs 
som. Maal for Synsstyrken. For hyckipnkelt Evtnkjtion begrundes dens 
Placering blandt de komplekse, Funktioner nnermerc. 

Afhandlingens andet Kapitel,,der handler om det indirekte 
S y n, falder i tre Afsnit. Forst skildres, hvorledcs det indirekte Syn 
maa afvige fra del centrale paa. Grund af Forskellighedcr. i deii op- 
tiske Billeddannelse og den strukturelle Opbygning;' af) Nethinden 
samt Opmserksoiphcflf^ts og 0velsens Betydning. Dcrefter refereres dc 
tidligere fysiologiske Arbejder over det indirekte Syn .og endelig 



central AND INDIRECT VISION 


195 


diskuteres de teoretiske Eorklaringer af Forskellen mellem det cen- 
trale og idet indirekte Syns Egenskaber. 

Det begrundes, at del direkte Syns Omraade paa Nethinden enten 
maa vaere lig med eller storre end Fiksationsomraadet. Saavel ved 
objektive-Maalinger af Fiksationsbevaegelserne som af subjektive For- 
sog kan det slutles, at Fiksationsomraadet maa vajre imellem 2,5’ og 
5’ i Diameter og det direkte Syns Omraade enten have samme Stor- 
relse eller vasre endnu storre. 

•I Afsnittet om de tidligere sammenlignende Undersogelser over 
direkte og indirekte Syn behandles de paagmldende Arbejder i Ov6r- 
ensstemmelse med den Inddeling af Sjms'Sansen, der er angivet i 
forste Kapitel for at give et Overblik over det indirekte Syns Proble- 
mer og danne et Udgangspunkt for nye Forsog. Af Gennemgangen 
fremgaar,' at ingen af de hidtidige Undersogelser er udfort under 
saadanne Betingelser, at Resultatet uden vmsentlige Forbehold vil 
kunne saettes i Relation til Nethindemosaiken. 

I ANDEN DEL gores Rede for egne Undersogelser, bestaaende i 
sammenlignende, sansefysiologiske Forsog over direkte og indirekte 
Syn. Der tneddeles Forsog over folgende Funktioner: Minimum sepa- 
rabile, , Opfattelse af Bevsegelse, Formsans, Noniussynsstyrke og Be- 
dommelsg' af- Stregtykkelse. I det folgende skal samlet refereres Ho- 
vedpunkterne i Forsogsresultaterne. 

Forsogene bekraefter Rigtigheden af den i forste Kapitel angivne 
indbyrdes' Placering af de undersogte Funktioner. Bedommelse af 
Stregtykkelse maa saaledes opfattes som en Funktion af FOrskelsfol- 
somheden (Lyssansen), naar ’Objektet overskrider eh Vis Minimal- 
storrelse. Som et andet Udtryk for Lyssansen kan tjene min; separa- 
bile for forfra belyste Objekter-. 

-Den fysiologiske OplosningseVne maales ved Hjselp af min. separa- 
bile for lysende Kvadrater af Tmrskelklarhed paa lysfri Grund eller 
lysfri Kvadrater paa lysende Grund, ligeledes af Tajrskelklarhed. 
Ogsaa Opfattelsen af et lysende Punkts Bevsegelse paa lysfri Grurid 
kan benyttes som Udtryk for den fysiologiske Oplosningsevne, lige- 
som Formsansen med' Forbehold og under visse Forsogsbetingelser. 

Ved Forsogene over min. separabile og Formsansen viser Hoved- 
punkterne i Bergcri'>6g Berger & Bachthal's Arbejder sig at kunne 
reproduceres. De futtktionelle-Enhed'er i Nethindens Centrum varierer 
indbyrdes i Storrelse fra enkelte Tappe til storre Grupper af Tappe 
knyttet til samme Synsnervelraad. Den- gennemsnitlige Diameter af 
de Sunktionelle Enheder er ca. 3’. De lunktionelle Enheder maa an- 
t^ges at besidde alternerende AktiVitet, idet ved lav Nethindebelys- 
nirig kun et ivist” Antal er aktive, dfe ovrige relativt refraktEere: Naar 
Nethindebelysningen tiltager, bliver et storre^'Antal Enheder paavir* 
kede over ’deres Paavirkningstserskel, hvorved Antallet af aktive En> 

13 ’ 
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hcder pr. Arealcnlicd sligcr. Enhcdcrncs skiftcnde Aklivitet syncs 
direktc at kunne iagUages vcd Forsog over Troxlcr's Fanomcn, der 
.er mest udlall ved lav Nelhindcbclysning. 

I Modsffilning til de hidtil nrcvntc Fimklioncr maa Noniussyns- 
styrken altid vairc komplekst samincnsal, dels ct Udlryk for den 
fysiologiske Oplosningsevne, dels for Forskclsfolsomhedcn. 

Lyssansen ved INDIREKTls SVN maalt vcd Bcdotnmelse a( 
Stregtykkelse aftager kun langsonit nicd lillagcndc Nelhindecxccntri- 
citet. 

Den fysiologiske Oplosningsevne giver Oplysninger 
om Nethindestrukturen og frembyder derfor slorst Intcressc ved 
Sammenligningen mellcm direktc og indirektc Syn, Del indirekte Syn 
begyndcr alleredc <. 2,7’ fra Synsfcltcts Centrum, idet selv ved denne 
ringe Exccntricilct min. scparabilc for lysende Punkter cr storre end 
cenlralt. Det direktc Syn bar saalcdes samme Udbredning pan Ncl- 
binden som Fiksationsomraadet. Den fysiologiske Oplosningsevne af- 
tager strerkt med Exccntricitelcn uden Indflydclsc af dc slrukturellc 
Givenscr i Netbindcn (foveas og del stavfri Omraadcs Begraensning). 
De funktionelle Enbcdcr lillager i Storrelse mod Excentriciteten ind- 
tU ca. 3° i den vandrette og 2' i den lodrctle Meridian, uden for hvil- 
ken Grajnse, der ikke findes indbyrdes afgrjcnscdc funktionelle En- 
beder, idet Nerveimpulsen maa antages at sprede sig gennem dc 
borizontale Ledningsforbindclscr i Netbindcn. '\kariationcn i dc funk- 
tionelle Enheders Storrelse cr inden for foveas Omraadc foraarsagel 
af .^ndringer i den genncmsnitlige Tapdiamclcr, uden for fovea bar 
dels Tappenes indbyrdes Afstand, dels del slorrc Antal Tappe pr. 
Synsnervetraad Betydning. Spredningen af Impulscn i NcUiinden gor, 
at Opfattelsen af Bevsegelsc ikke paavirkes saa meget af Netbinde- 
excentriciteten som min. scparabilc. Naar min. scparabilc fra 2' og 
udefter er forskellig i den lodrctle og vandrette Meridian, antages det 
at ligge i Nervetraadenes Fordeling til de enkelte Nelhindcpartier. 

At Opmserksombeden bar slor Betydning for det indirekte 
Syn, fremgaar af, at det ikke er muligt at knytte samme Opma:rk- 
somhed til et centralt Synsfeltomraadc slorrc end svarende til en Del 
af fovea, og at en Spredning af Opma;rksombeden fra del direktc til 
det indirekte Syn eller omvendt nedsajlter Synsstyrken benbolds\’is 
centralt og perifert. 

Den sammensatte Funklion Noniussynsstyrken varierer 
noget med Netbindeexcentricitelcn, idet Forskydningstrersklen afta- 
ger udefter. Denne Afbajngigbed er mindre end min. separabiles og 
storre end ved Bedommelse af Stregtykkelse og syncs at stemme med, 
at Noniussynsstyrken baade er en Funktion af Lyssansen og den 
fysiologiske Oplosningsevne. 
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Introduction. 


Since Best (1929) first proved the existence of an enzymatic 
inactivation of histamine in the organism, a considerable number 
of investigations have been carried out which have illustrated the 
more direct nature of this phenomenon from a chemical viewpoint. 
They have shown that one or several enzyme systems (hista- 
minase, diamine oxidase) participate in the cleavage, and w'e also 
know about certain important properties in them as well as about 
the reaction of the destruction. 

Only occasional observations have so far been made concern- 
ing the relation in the organism of the enzymatic liistamine in- 
activation. Zeller, Birkhauser, Mislix & Wenk (1939) have 
surveyed our knowledge as to the distribution of the enzyme in 
the various organs of Immans and animals. As regards the enzyme 
in the human organism we know that it occurs first and foremost 
in kidney, adrenals and liver, but apart from this our knowledge 
is limited. 

However, a number of investigations have shown that pregnant 
women have considerably higher histaminoljd^ic power than is 
normally the case [Marcou et. al. (1938), Werlb & Eeeke- 
MAKX (1940 a), Zeller Sc. Birkhau.ser (1940)]. In a preliminary 
report I (1944) have given a method to determine the hista- 
niinolytic power of blood, by means of which it was possible to 
show a considerable increase in the histaminolytic power during 
pregnancy from the seventh week after the last menstruation. 
The increase was so strong that it could be seen from one day 
to the next during the first half of the pregnancy. In a case of 
imminent abortion with a good prognosis the histaminolytic pow- 
er increased almost normally, while in a case of extra-uterine 
pregnancy it gradually decreased, and this indicated that the 
relation of the histaim'nolytic power might be of assistance when 
prognosticating uterine bleedings. 

In this paper I found it suitable first to give a resume of the 
most important particulars with regard to otir present knowledge 
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of tlie ilistaminolytic enzyme and a critical analysis of earlier 
investigations on tlie liistaniinolytic power of the blood. A detailed 
study has subsequently Imcn devoted to the histaminolytic power 
of the blood in animals and man under different conditions. 

As a first stage to illustrate the histaminolytic power of the blood 
I have worked out a quantitative method for its determination. 
Secondly by means of some introductory experiments I have 
tried to ascertain whether conditions observed in man concern- 
ing the enzymatic inactivation of histamine correspond to si- 
milar ones observed in certain animal sj)ocies. 

In order to give a picture of the quantitative relation of the 
liistaminolytic power in man a number of tests have been carried 
out on several liealthy men and women. As the main interest 
has been centred on pregnancy, special -attention has been devoted 
to tins state. Some investigations have also been carried out with 
a view to illustrating the nature of the histaminolytic power. 

Earlier investigations indicate that in some eases of illness 
during pregnancy the histaminolytic power of the blood deviates 
from the normal, and this que.stion lias been taken up and illus- 
trated by means of some cases of uterine bleedings, premature 
parturition, albuminuria and toxaemia of pregnancy ns well ns 
hydatiform mole. 

It has also for a long time been known that placenta contains 
a strong histaminolytic enzyme, but its relation to the liistamino- 
lytic power of the blood has not been investigated. The author 
has therefore gone into the question as to whether there exists 
any such relation in man, rat and rabbit. 

In order to illustrate the physiological relations of the hista- 
minolytic power the author has finally analysed Ids results as 
to whether and to what extent the deviations from the normal 
indicate an abnormal state. 



CHAPTER I. 


Some characteristics of histaminase. 

The oldest statements in literature about an enzyme able 
to destroy histamine originate from Best (1929). He investi- 
gated the stability of the histamine in the lung tissues of 
cattle and horse, and found that both naturally occurring and 
added synthetic histamine disappears in the course of a few days 
in a suspension of lung tissue in saline incubated at 37° C. One year 
later Best & Me Henry (1930) published an extensive investiga- 
tion of the histamine inactivating principle in organ extracts from 
dog, and they suggested that "the substance or system, which 
produces a change in structure responsible for the loss of physio- 
logical activity of histamine” should be called histaminase. 

Subsequent to Best & McHenry and the latter’s collaboration 
with Gavin (1932, 1935) several workers have been occupied with 
investigations concerning the physico-chemical properties of 
histaminase. The problem was taken up by Edlbacher (1937), 
who in collaboration with Zeller began to publish a series of 
reports on histaminase; this research work was later taken over 
by Zeller, who either alone or with several other co-workers 
directed our attention in a large number of publications to the 
histamine-destroying enzyme in several respects. Lastly if we 
mention Swedin (194:3 a, b, 1944), who has prepared the hitherto 
purest enzyme preparations and has thus been able to clear up 
many earlier vague and conflicting statements with regard to 
the effects of the enzyme, we shall have mentioned those 
whose works have marked the most important progress in our 
knowledge of the chemistry of histaminase. This chapter will 
give a concentrated description of the main features in this 
development; certain details which are of interest when studying 
the blood histaminase will be dealt with later. 
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Distribution of Jiistaminase. As has already been stated tbo 
enzyme was discovered in the lung tissues of cattle and horse. 
Later investigations, however, have .shown that in comparison 
with other organs the lung is pretty badly supplied with the en- 
zyme in question; Best & McHeniIy have already shown that 
the enzyme content in the ludncy and intestine of dog was con- 
siderably greater than in the lung. hIcHEKuy &■ Gavix (1935) 
showed inter alia the extremely high enzyme activity in pig and 
sheep kidneys and Ebleacher A- Zeller demonstrated that 
the enzyme activity was mainly confined to the cortex. Por 
further literature concerning the distribution of tlic enzyme, sec 
Zeller, Birkhaxjser, Misltx & IVexk (1939), Zeller (1911 a) 
and others, which will be dealt with later. 

Enzyme sfccijicity. At first it was supposed that liistaminnse 
inactivated only histamine. Zeller (1938 a) also showed that 
it could certainly be distinguished from monoamine oxidase and 
d-aminoacid oxidase, but he also showed that putrcscinc, cada- 
verine, agmatine as well as cthylenedinminc cau.se increased oxy- 
gen consumption and ammonia formation, when added to a hi.s- 
taminase preparation made from kidney. This led to the conclu- 
sion that the enzyme destroyed these substances ns well. In agree- 
ment with this observation Zeller suggested that the enzyme 
should be called diamine oxidase. In another communication the 
same year Zeller (1938 b) stated that the enzjTne also acts upon 
trimethylenediamin, spermine and spermidine. Zeller (1938 b, 
1910 a, 1911 b) has shown that also other amines and diamines 
— besides those mentioned — are attacked by the enzjnne or 
inhibit the substrate-enzyme reaction. Like histamine other sub- 
stituted diamines are also attacked. — As will be dealt with later 
the destruction of histamine probably consists of hvo reactions, 
the breaking of the side chain and the rupture of the imidazole 
ring. 

Method of preparation. Best & McHexry prepared a stable 
histaminase powder by extractioning beef kidney with acetone 
and ether. The actmty in the powder was practically speaking 
the same as that of the Iddney tissue from which it was prepared. 
Other preparations have been produced by Edlbaciier & Zeller 
(1937), Kiese (1910) Laskowski (1942), Swedin (1913 a, b, 1914) 
and Stephenson (1943). Even though it is not possible to ex- 
plain in detail from literature statements the relative strength 
of the histaminase preparations, it is nevertheless clear that the 
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hitherto strongest preparations have been produced by Stephen- 
son and Sweden, the purest one by -Sweden. He extracted ground 
hog kidney with phosphate buffer, pH 7.7, and precipitated it 
with ammonium sulphate. After dialysis with physiological saline 
and water the solution was heated for 10 mins, up to 45—50° C. 
A slight precipitate was removed by centrifugation and the 
preparation was again precipitated with ammonium sulphate. 
After dialysis the author obtained a preparation with a 35 times 
stronger enzyme effect than the pig kidney. Fiaally by electro- 
phoresis a further purification was obtained up to 124 times of 
the original material. The preparation thus obtained showed con- 
siderable lability. By treating with heat, however, the durability 
of the preparation considerably increased, and the author stated 
that he has been able to keep his preparations for months at 
— 10° C without any loss of activity. 

The sinicture of the enzyme. Zeller (1938 b) showed that both 
pepsin and trypsin completely inactivated the enzyme, and this 
along with the fact that it could be dialysed for weeks without 
losing its activity, confirmed that diamine oxidase is of a protein 
nature. Earlier investigations, however, had already been carried 
out giving certain information as to the character of the enzyme. 
Thus Best & McHenry showed that potassium cyanide in 
0.0006 molar concentration inhibited the histamine inactivating 
effect of kidney powder, and Edlbacher & Zeller, who had, 
moreover, found that the reaction continued unchecked in the pre- 
sence of 40% COo-f-OO % Oo, therefore considered that there was 
reason to believe that histaminase was of a hemin character. Ge- 
bader-Euelnegg & Alt (1932) had, however, already made some 
observations difficult to reconcile with this theory, showing inter 
alia that the cyanide inhibition was not complete; 0.002 and 0.0002 
molar concentration respectively thus inhibited the oxidation 
by only 60 % and 25 %. They showed, moreover, that neither 95 % 
CO -f- 5 % O 2 nor the presence of 0,1 molar sodium pyrophosphate 
in the reaction mixture inhibited the enzyme effect. When Zeller 
et al. afterwards more closely analysed the effect of the cyanide 
ions on the histamine-histaminase reaction and found that in 
this case the cyanides had nothing to do with their known effect 
on metal catalyzers, they found reason to abandon their previous 
theory of the hemin character of the enzyme. They stated, how- 
ever, that the reaction in the intact cell might possibly be cata- 
lyzed by a hemin enzyme. The authors go on to state, however. 
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that for a long time they have observed how the active enzyme 
preparation has been yellow and that the activity has been 
parallel with the degree of the colouring. By means of special 
treatment they have also been able to produce an enzyme showing 
positive lumi — flavine reaction. Laskowski was able to isolate 
a fraction containing hemoglobin w'hich was inactive in itself 
(0.5— 0.8 saturation with ammoniinn sulphate), but which con- 
siderably increased the effect of the active fraction (0.2— 0.5 
saturation). When pririfying the enzyme by means of electrophore- 
sis as mentioned above, Swedix (1943 a, b) found that the active 
principle accompanying a fraction with a flavine protein character 
could be separated from an inactive complex containing hemin 
proteids. The inactive hemin protein fraction, however, showed 
no constant activating effect on the histaminasc. 

Even though the enzyme is not yet isolated, Savedin (1943 b) 
nevertheless considered that he was able to state that the diamine 
oxidase is probably a flavine protein. Swedix (1944) also gave an 
account of how he had succeeded it\ destroying the enzyme rever- 
sibly. 

Several investigations indicate that a carbonyl group is included 
in the prosthetic group of the enzyme. After Blaschko (1938) 
informed us that guanidine inhibits the histamine — histaminnse 
reaction, Zeller (1938 b) analysed this matter more closely and 
was able to state that the inhibition was competith'c, and that 
even other carbonyl reagents, such ns hydroxylamine and semi- 
carbazide, have an inhibitive effect. IYkule (1940 a) found that 
the phenylhydrazine and other ketone reagents gave strong in- 
hibition. 

On the basis of the condition just described that a quantity 
of carbonyl reagent causes a strong inhibition of the enzyme- 
substrate reaction, while a number of enzyme poisons, such as car- 
bon monoxide, arsenic trioxide, pyrophosphate, urethane, sodium 
azide and sodium fluoride exercise no important inhibition, Zeller 
et al. put forward the hypothesis that the cyanide ions exercise 
their effect as a carbonyl reagent. The cyanide ions combine with 
the aldehyde group of enzyme, thus preventing the enzyme- 
substrate reaction. The fact that the power of KCN to inhibit the 
decomposition of amines wdth different affinity to the enzyme 
varies, indicates this. 

The enzyme-substrate reaction. The chemical course in the 

estruction of histamine and the other diamines in connection 
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■\vitli the effect of the diamine oxidase is not known in detail, but 
there are definite statements as regards certain links in the chain of 
reaction. In important respects, however, different authors put 
forward different investigation results, which as a rule must be 
attributed to the fact that different pure enzyme preparations 
have been used at these investigations. Most probably several 
systeihs of enzyme are active in the complete destruction of 
histamine, and this adds to the difficulty of judging relevant 
problems. 

MoHenby & Gavin determined the liberated quantity of 
ammonia and found that it corresponded to an ammonia 
formation from one of the three nitrogen atoms in the histamine. 
They found on the one hand very good agreement between the 
quantity of histamine that disappeared out of a histamine-hista- 
minase mixture after different periods of time, and on the other 
the ammonia, formed during the reaction. Thus they were able 
to show a formation of one molecule of ammonia for every 
molecule destroyed. By following the quantity of amino-nitro- 
gen during the inactivation of the histamine, these authors were 
able to show in their later paper (1935) that the ammonia 
formed comes from the amine group of the side chain, and that no 
amino compoimds are formed when the imidazole ring is broken. 

The question as to which nitrogen molecule in the histamine 
W’as released at the time of the deamination was later gone into 
by Edlbacher & Zeller. These authors also followed the 
inactivation of the histamine by determining the ammonia form- 
ed. They assumed that the nitrogen atom in the ammonia 
originated from the imidazole nucleus, but Zeller (1938 a) 
abandoned this view; since histaminase formed ammonia even 
when acting upon aliphatic diamines, he then adopted McHenry’s 
& Gavin’s vdew that it must be the nitrogen in the side chain of 
the histamine that causes the ammonia formation. 

Best & McHenry found that an uptake of gas, probably 
oxygen takes place during the reaction. More thorough mano- 
metric studies of the oxidation of histamine were published by 
Gebauer-Fuelnegg & Alt. They observed an oxygen con- 
sumption at the histamine — histaminase reaction, which was in 
a certain relation to the disappearance of the intestine activity 
of the histamine. The investigations of these authors, however, 
did not lead to any definite molar relation between the oxygen 
consumed and the quantity of histamine inactivated. Zeller 
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(1938 a) found tl\at during a first pliasc of the reaction approxi- 
mately two oxygen atoms ‘were consumed per molecule substrate. 
Simultaneously with the consumption of an atom of oxygen a 
molecule of ammonia was formed. 

As has already been said, McHexry & Gavix had shown that 
the biological activity of the lustaminc had disappeared when it 
had formed a molecule NHa at the Bubstratc-cnxyme reaction. 
Consequently according to Zelueh’s investigation, which has ju.st 
been related, the biological activity in histamine ha.s disaijpoared 
when an atom of oxygen has been taken up by the histaniine- 
histaminase mixture. This circumstance was made the object of 
an investigation by Zelleu, Schar A. Staeulin (1939), but they 
\vere not able to verify it. When they put the oxygen uptake in 
relation to the quantity of histamine inactivated, they found that 
it takes a little more than one atom of oxygen per histamine 
molecule destroyed. 

Kiese (19d0) first made things clear. He produced two ptirificd 
enzymes of different strengths from the pig kidney cortex; the 
enzyme obtained after the first fractionation with ammonium 
sulphate took up one molecule of oxygen per molecule of hista- 
mine, while an enzyme produced after repented precij)itntation.s 
only took up half a molecule of oxygen. The biological activity 
of the histamine had completely disapi^oared after lialf a mole- 
cule of oxygen had been taken up. Consequently it is obvious that 
the earlier contradictory result.s obtained must he referred to 
the defective purity of the enzyme preparations used. Kiese's 
results as regards the consumption of oxygen in the liistamine- 
histaminase reaction have later been verified by La.skowski 
(1942) and Stephenson (1943). Swedin (1943 a, b) has shown that 
when the reaction ndth a preparation purified by means of elect- 
rophoresis is followed in a Warburg apparatus, the uptake of 
oxygen suddenly decreases when an atom is consumed. After 
that the consumption continues much less rapidly till one mole- 
cule of oxygen has been taken up per molecule of histamine. The 
biological activity has entirely disappeared when the first atom 
of oxygen has been consumed. 

Zeller (1938 a) also went into the question of other reaction 
products in the histamine-histaminase reaction. Thus he con- 
sidered that he had indirectly shown that hydrogen peroxide 
forms intermediarily, and in support of this he refers to the fact 
that hemoglobin is converted into methemoglobin if added to a 
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hisfcamine-liistammase mixture. Further, Zeller showed that 
ethyl alcohol increases the consumption of oxygen in the reaction 
mixture, and in another communication (Zeller 1938 b) he stated 
that indigo disulphonate decolorizes during the diamine-diamine 
oxidase reaction, which he attributes to the effect of the hydrogen 
peroxide formed. Stephenson also supported Zeller’s statement 
as to the H-Oj formation 'R’ith the histamine-histaminase reaction, 
but he also admits that there is no direct proof of this, and this 
"is most readily explained by assuming that hydrogen peroxide, 
formed during the oxidative deamination of histamine, causes a 
secondary oxidation through the action of another enzyme such 
as peroxidase”. The assumption as regards the H.Oa formation, 
however, was criticized liy Laskowski, who, by means of coupled 
experiments with alcohol, could show no increased consumption 
of oxygen as a sign of intermediary H 2 O 3 formation. Furthermore, 
Laskow'SKI found that if catalase was added to a mixtme of pig 
kidney histaminase purified by means of ammonium sulphate 
and acetone precipitates, and histamine, the oxygen consumption 
was not diminished which would have been the case, if hydrogen 
peroxide had formed intermediarily. Nor could iSwedin (1944) 
observe any decrease in the o.xygen consumption when crystalline 
horse liver catalase had been added to his purified histaminase 
preparation. 

Thanks to Swedin’s investigations, however, the positive results 
will also be able to be explained, for he found that crystalline 
pero.xidase considerably increases the consumption of oxygen 
during the first phase of the histamine-histaminase reaction. If 
catalase was also added, moreover, the total consumption of oxy- 
gen decreased in the first phase of the reaction, Swedin consid- 
ered that this was due to the fact that the united action of hista- 
minase and peroxidase produce peroxide, which is destroyed by 
the catalase, when the liberated oxygen is consumed instead of 
the atmospheric. The hydrogen peroxide shown by Zeller and 
Stephenson can thus be explained by their enzyme prepara- 
tions being polluted by hemin proteids with peroxidase effect. 

In this connection it should also be stated that Laskowski ob- 
tained a marked increase in the oxygen consumption with the 
histamin-histaminase reaction when adding hemoglobin and he- 
min. Stephenson also stated that hemoglobin causes an in- 
creased oxygen uptake. Swedin, however, found no change in 
the histamine-histaminase reaction even when adding much more 
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crystallinG hoisc liemoglobin tliau peroxidase. Thus, the results 
of the former authors may be due t( an unspecific peroxidase 

reaction. 

Before discussing other reaction products more closely, we shall 
r'efer to the investigations carried out with a view to clearing up 
the relation of the imidazole ring to the histaminc-histaminase 
reaction. Best & McHeney determined the changes in the reac- 
tion mixtures of the imidazole content and found that in certain 
cases they were roughly parallel with the loss of histamine. Their 
experiments, however, do not .show that the rupture of the ring 
is absolutely essential to bring about the lo.s.s of the biological 
activity. Stephenson could find no change in the imidazole 
during the consumption of one atom of oxygon. He assumed that 
Best’s & McHenry’s observation must be attributed to the effect 
of another tissue factor than histaminasc. Swedin found that the 
rupture of the ring in his purified histaminasc preparation took 
place in the very first stage of the reaction. If peroxidase were 
added, however, when the consumption of oxygen considerably in- 
creased, the breaking of the imidazole ring decreased to a very great 
extent, and the author assumed that the addition of peroxidase 
brings about a competitive relation between the two simultaneous 
reactions, the breaking of the side chain and the rupture of the 
imidazole ring. The addition of catalase had no effect on the rup- 
ture of the ring. 

Of the destructive products in the histamine-histarainasc reac- 
tion, ammonia has been the one most easy to determine and the 
first in which a stoichiometric relation to the substrate content 
destroyed has been shown. Our knowledge as to other destructive 
products is more defective. Zeller, Stern & AVenk (1939) found 
that aldehyde was formed by the oxidative deamination and 
Stephenson reported that one molecule of aldehyde is produced 
when one atom of oxygen is consumed during the deamination of 
putrescine. In the case of histamine the ratio of atoms of oxygen 
to molecules of aldehyde was slightly higher than 1, indicating 
an oxidation of the reaction product. 

There is only scanty information in literature with regard to 
other products in the histamine-histaminase reaction. Edlbacher 
& Zeller stated that they could show a carbonyl compound with 
the formula C 4 H 4 NsOi which crystallizes nicely as a dinitrophenyi 
hydrazone. After alkalizing and blowing air through a digested 
mixture of histamine and enzyme they have observed a black 
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precipitate resembling melanin which appeared to a lesser extent 
the purer the enzyme preparation used. 

It is not known how the histamine destruction proceeds in 
detail. Everything, however, indicates that there is a simultaneous 
oxidative deamination of the side chain and a rupture of the imid- 
azole ring. Swedin’s (1944) investigations showed that by adding 
peroxidase it is possible to get the two reactions to proceed at 
different rates, and he also demonstrated that the presence of this 
enzyme is probably necessary to get the HjOj composition described 
by several authors. 

In this connection it seems only right that the question of the 
nomenclature of the enzyme should be gone into. As long as hista- 
mine was looked upon as being the only substance catalyzed by 
the enzyme it was called histaminase. After discovering that other 
diamines were also catalyzed, Zeller changed and gave it the 
name of diamine oxidase. Since then McHenry and Zeller (see 
Zeller 1938 b) have agreed that the enzyme which breaks the 
ring shall be called histaminase in a narrow sense, and the enzyme 
which oxidatively deaminates the side chain shall be named di- 
amine oxidase. As, however, the side chain is most likely attacked 
before the ring opens, the enzyme which breaks the ring will not 
affect the histamine as such but a destructive product of it, and 
therefore Swedin (1943 a) considered the name agreed upon 
inadequate. He called all the histamine destructive enzyme his- 
taminase. 



CHAPTER IL 


Critical analysis of earlier investigrations on 
the histaminolytic power of the blood. 

Apart from an isolated investigation of tlic power of guinea-pig 
scrum to detoxif}’ histamine, whicl> was carried out long before 
anything was known about the existence of any histamine des- 
troying cnxyme (Bessox k- KinscnnACM, 1012), the development 
of the methods for determining the histamine inactivating power 
of the blood has largely synclironixed vath the development of 
our knowledge of histaminaso. Thus we find that several of the 
methods employed in the study of the enzyme have been made 
use of when testing the blood, and we shall now examine some oi 
them. As far as the blood is concerned, the biological determina- 
tion of histamine has been employed to show the disappearance 
of the amine. When carrying out blood investigations, moreover, 
measurements have been made of the quantity of oxj'gen con- 
sumed and ammonia formed and also — ns a sign of the presumed 
intermediary H-O. formation — of the discolourment of the 
indigo disulphonate. 


Methods inY:;lving tlic determination of the iindecompnsed 

liistamine. 

Even only a few years after histamine had been first synthesi- 
zed, Btjsson & Kirschbaum (1912) investigated, whether guinea- 
pig serum possessed any histamine destructive power. Scrum, 
which had been mixed with 1 % histamine, was shaken for 4 
hours, but the writers could observe no inactivation of the sub- 
stance. 

The next information concerning the histaminol}diic power of 
the blood was given by Best & McHenry (1930). Although they 
give no detailed account of their method, they seem to have 
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lidded histamine to delibrinated dogs blood, and after 4 hours’ 
incubation at 37° C determined the remaining quantity of hista- 
mine on the blood pressure of the cat. They found that in 4 hours 
600 ml dogs blood never inactivated more than 2 mg histamine 
base and in six tests of normal human blood, each of 50 ml, they 
could not show any histaminase activity. J^o quantitative state- 
ments are given as to the initial histamine percentage and time of 
incubation, nor as to the accuracy of the determinations, and 
therefore it cannot be said what histaminase effect may possibly 
have escaped their notice. 

Yen & Ghang (1933) endeavoured to find a correlation between 
the tendencies of different animal species to anaphylactic shock 
and the histamine destructive power of the blood. Histamine 
in concentrations varying from ca 0.01 to ca. 0.5 mg histamine 
phosphate pr ml was added to blood. The tests were incubated for 
24 hours at 37° C. The remaining quantity of histamine was deter- 
mined on blood pressure on the atropinized cat. Thus tested guinea- 
pigs and human blood showed no iiistamine destructive effect, 
whereas blood from cats and dogs almost always did. Ho systematic 
investigations of the kinetics of the histamine inactivation were 
published, nor was it stated with w'hat degree of accuracy the 
histamine determinations were carried out. It is therefore not 
possible to form any definite idea as to the magnitude of the hista- 
minolytic effect in the negative tests. 

Marcou et al. (1938) and Mabcou (1938) examined the hista- 
minolytic power of the blood in man and in some laboratory ani- 
mals. 2 ml 1 % “Bayer 205” and 30 y histamine phosphate were 
added to 5 or 10 ml blood, and then the mixture was incubated 
for Vs hour at 37° C. After that the remaining quantity of hista- 
mine in the blood was determined according to Baksoum’s & Gad- 
bum’s (1935) method. The histaminolytic effect was expressed as 
the percentage of histamine destroyed during the incubation. The 
same relative inactivation of the histamine in varying initial 
quantities of histamine was found in double blood tests. No hista- 
mine destruction in blood from rabbits and cats could be observed 
With Marcod’s method, but in guinea-pig Marcou discovered 
varyino' results, while determinations in blood from man and dog 
always” showed such an effect. As regards man the writers stated 
that blood taken from pregnant women just before parturition 
shows this quality igh degree, while venous blood in 

normal man displaye'' > • same, although very much less”. 


2—443902 
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Maecou et al. are tlie first workers in tliis field to give a metkod 
for quantitative estimation of tlie Mstamine destructive effect. 
They gave only a few such data, however. As an example, they 
mentioned that human blood can show an inactivation of 20 — 30 % 
and the guinea-pigs blood 15 %. The writers made no statements 
as to the accuracy of the method adopted. 

When making a supplementary test on account of Mascou’s 
investigation, it is true that I have been able to establish that 
human blood during hour’s incubation destroys from 0 — 100 % 
of the histamine added. The statement that the relative inactiva- 
tion of histamine is not due to the quantity' of blood in the diges- 
tion mixture I have not been able to verify. Thus I have found 
about the same amount of inactivated histamine as well at the 
initial concentration of 1,5 y amine per ml as at 0.6 y per ml 
and about 30 % less at the concentration 30 y per ml. In another 
case I found the absolute amount of inactivated histamine to 
be only about 10 % less at 42.5 y per ml than at an initial con- 
centration of 18 y per ml. 

A variant of hlAECOu’s determination method was published 
a year later by Ungab & Pabbot (1939). Histamine and physio- 
logical saline were added to 0.5 ml plasma, so that the histamine 
concentration was 0.2 y/ml, after which the tests were incubated 
for 2 hours at 38°. The remaining quantity of histamine was deter- 
mined on guinea-pig intestine and the histamine destructive effect 
was expressed by means of the percentage of inactivated hista- 
mine. With this method the writers found normally 0 — 20 % 
in dogs plasma and 10 % in a woman of 52 years. 

Albus (1939) investigated the activity of histaminase in healthy 
and “latent allergic” subjects. The histaminase activity of the 
blood was expressed as the decrease in the effect on the blood 
pressure which took place when a blood preparation mixed with 
histamine was incubated. In healthy subjects Albus considered 
that he had established the existence of histaminase. 

A systematic investigation of the histamine inactivation effect 
of the blood by means of a biological method was first undertaken 
by Weble & Eeekemaxn (1940 a). As their method brought about 
interesting results, which are generally referred to, it will be more 
closely analysed in this paper. The test was undertaken in the 
following manner. 

Venous blood was taken from subjects on empty stomachs and defi- 
brinated by shaking with beads after which the blood was imme- 
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diately tested. Increasing quantities of Mstamine diliydrocUoride from 
3, 6, 9 etc. up to 50 y were added to samples each of 3 ml blood, after 
which Tyrode’s solution was added to make the volume 4 ml. The diges- 
tion solutions were then shaken for P/n hours at 37® 0, and were after- 
wards cooled down to 0° 0. During the incubation oxygen was bubbled 
through the test vessels. The remaining quantity of histamine was deter- 
mined on isolated atropioized guinea-pig intestine. At first the blood 
sample was tested to which 3 y histamine had been added; if no hista- 
mine was found in this, the sample with 6 y was tested. If all the hista- 
mine were destroyed in this sample as well, then the 9 y test was resort- 
ed to and so on, until the test was reached in which histamine was still 
to be formd. The inactivating effect was given as the quantity of hista- 
mine dihydrochloride inactivated in the first test in the series, which 
did not show total inactivation. For example, if it was found in the 
sixth sample — to which 18 y histamine had been added from the first — 
that 1.2 y remained, the histaminase equivalent was given as 18 y 
minus 1.2 y i. e. 16.8. "When examining blood from non-pregnant women 
it appeared that there was always histamine remaining in the first sample 
initially containing 3 y histamine. 

According to the above definition the writers found that the 
amount of histaminase in non-pregnant women was between 0.3 
and 1.7 and as a rule 1.2, in pregnant women it was 6.0 — 46.8, 
and from this they concluded that the histaminase content of the 
blood increases 4 — 30 times during pregnancy. 

The theoretical basis of this method of histaminase determina- 
tion will now be examined, and the question will be particularly 
gone into as to whether and to what extent Werle's & Effke- 
mann’s histaminase equivalents allow of a definite numeral com- 
parison between the histaminolytic power in the respective blood 
samples. These authors produce no detailed statement of possible 
sources of error nor do they give any report on the accuracy of 
the method. 

One fact which seems to be of the greatest importance in this 
question is the manner in which the authors have carried out the 
determination of the remaining quantity of histamine. It has for 
a long time been known that blood contains substances, which in 
various ways affect the motility of the isolated gut. These sub- 
stances render it impossible to make a direct determination of 
the histamine of a blood sample by comparing its intestinal activ- 
ity with the effect of a known histamine solution as a standard. 
The sample must be first so prepared that its other pharmacologic- 
ally active substances are excluded as far as possible. Werle &■ 
Epfkemann, however, do not seem to have taken these facts into 
sufficient consideration. They have put into the saline in which 
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Fig. 1. Guinea-pig ileum in Tyrotlc’s solution. Volume of batli 20 ml. 

A. Tyrodo’s solution containing 0..'> y atropine/ml. hi = y histamine dihydro- 
chlorido. bl c= ml defibrinated blood containing 1 y histamine di!iydroohlorido/ml. 

B. Tyrodo’s solution containing O./) y adenylic acid/ml. l\i = y histamine di- 
hydrochloride. bl = ml defibrinated blood. 

C. Tyrodo’s solution containing 0.5 y atropine/ml. hi = y histamine dihydro- 
chloride, s = ml scrum from a jircgnant woman. 

For explanations, see text! 


the intestinal preparation lias been Imng up such large quantities 
of blood, to which histamine has been added, that in many cases 
the quantity of blood seems to amount to more than 1/100 of the 
suspension. From my experiments it is clear that the reaction of 
the guinea-pig intestine to histamine decreases considerably even 
at very low blood concentrations. Tlius fig. 1 A shows that even 
a blood percentage of 0.75 in the intestine bath diminishes the 
contraction by about one half. Experiments on another gut showed 
that the same percentage in the suspension fluid does not make 
the intestine react at all to O.OOlo y histamine/ml (in this case it 
was possible to observe a distinct record when 0.0012 y hista- 
mine/ml suspension fluid was added without any simultaneous 
supply of blood). 

The determination of histamine in the blood preparation 
without consideration being taken to the above mentioned facts 
must thus lead to erroneous conclusions. This will make it ob- 
vious that the appreciation of Werle's Effkemann’s state- 
ment in favour of the activity of histaminase in defibrinated 
blood must be taken with the greatest reserve. As, however, the 
authors’ results in other respects constitute valuable progress in 
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our knowledge of the histamine inactivating effect of the blood 
it seems worth while to analyse more closely the sources of error 
already mentioned in order to be able to draw from them con- 
clusions concerning the other results of the authors. 

For this purj)ose it would be of value to establish the relative 
inhibition of the contraction of the intestine that a certain blood 
concentration in the intestine bath causes. I have carried out expe- 
riments which, however, show that there is no simple relation 
■between blood concentration and intestinal inhibition, it having 
been proved that the inhibition with one and the same blood con- 
centration varies for various quantities of simultaneously added 
histamine. Thus, for example, 1 % of blood may bring about 68 % 
inhibition, of the contraction that has been caused by 0.12 y hista- 
mine, while the same blood percentage only gives 15 % inhibition 
of a 1.2 y contraction on the same intestine preparation. Thus the 
determination of the histamine must in all circumstances be con- 
sidered to be uncertain. 

The reason for the inhibition observed is not explained, but it 
may be due to adenosine compounds of the blood, which possess 
an inhibitive effect on the non-striated muscles. This is indicated 
by an experiment carried out with Tyrode’s solution mixed 
with 0.5 y adenylic acid (Merck)/ml instead of with atropine. 
On this intestine preparation the blood added caused no strong 
inhibition of the histamine contractions (fig. 1 B) as was the case 
when the intestine was atropinized, which may indicate that the 
intestine contraction was already inhibited to a certain extent 
by the adenylic acid which had been added. However, I consider 
a full report on this question to be irrelevant to this paper. 

Werle & Eppkemann found, as has already been mentioned, 
that in blood from non-pregnant women, to which had been added 
3 y histamine dihydrochloride, it was usually possible to show only 
1.8 y after l^/, hours' incubation. The difference observed they 
interpreted as an expression of the power of the blood to inactivate 
histamine. From the above analyses it also seems possible to ex- 
plain the difference as an expression of the power of the blood to 
inhibit contraction. It is impossible, however, to determine without 
further investigations whether the whole Or only part of this diffe- 
rence can be explained by this inhibition. 

The inhibition of the contractions of the gut in the presence of 
human blood are nothing like so noticeable when serum is substi- 
tuted for blood. In many cases, however, there is another drawback 
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at 37° C. Two separate determinatioas were made on each sample, 
the first immediately after the addition of histamine, the second 
after incubation. The difference expressed in percentage between 
the results of the two determinations represented the histamino- 
lytic index. 


Methods inrolring the determination of oxygen uptake. 

The first to carry out investigations of the histaminolytic 
enzyme of the blood by means of a gasometric method were Zel- 
ler, BibkhaUseb, hliSLiN & Wenk (1939). They found regular 
signs of the diamine oxidase effect in blood from man. In a later 
paper Zeller & Birkhattser (1940) went more closely into details 
as to their method: 3 ml serum dialysed for 6 — ^24 hours were put 
into a manometric vessel. A quantity of 0.3 ml n/10 cadaverine 
was added as a substrate and the test was incubated at 37° C. 
There was a control with buffer solution instead of cadaverine for 
every test with serum. The authors emphasise the importance of 
the dialysis: undialysed serum showing more than ten times as 
strong an oxygen uptake as the dialysed in the control tests. 

In the control tests i. e. without the addition of any diamine, 
the serum from non-pregnant women usually showed an oxygen 
uptake of less than 2 c.mm., in one case, however, it went up to 
6.5 c.mm. (time of incubation 8 — 21 hours). With the cadaverine 
addition there was generally a further oxygen uptake of some 
c. mm., but there were even cases when the oxygen consumption 
was greater in the control test than in the cadaverine one. Accord- 
ing to these conditions the uptake of serum from pregnant women 
incubated between 2 and 19 hours was between 23.6 and 122.3 
c. mm. O 2 or about 50 times more than that taken from non-preg- 
nant. 

With double determinations of the same serum to which had 
been added substrate, the authors’ table 2 showed that they agree 
on an average as near as to within 2 to 3 c.mm. of each other. In 
cases with high absolute consumption this variation is of less im- 
portance, but where the consumption is little the variation must 
cause considerable uncertainty in the results. The authors did 
not publish any double determinations of the control tests, and as 
there is no reason to presume that they would show any really 
better agreement than those just mentioned, it must be assumed 
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that the difference in the oxygen uptake, which may he attri- 
buted to the effect of the substrate, is concomitant with an average 
mean error of ± 3 to 4 c.mm. With consideration to this, an oxygen 
uptake of less, than 6 to 8 c.mm. confirmed by a single determina- 
tion, will not definitely be thought to indicate the existence of 
diamine oxidase in serum. 

The oxygen consumption observed in the serum tests from preg- 
nant women seems to be beyond doubt and a manifestation of the 
existence of diamine oxidase. Such does not seem to be the case 
with non-pregnant subjects. The high oxygen consumption in the 
control tests obviously renders the results more difficult mth the 
cadaverine tests. It is still more doubtful with the values from the 
tests in which the control test has a greater consumption of oxygen 
than that carried out with substrate. In their first mentioned 
paper, however, the authors interpreted these results as being the 
consequence of an inhibition of the diamine-diamine oxidase 
reaction, and they say inter alia that by means of a long dialysis 
they have been able to show an increased oxygen consumption 
after the addition of substrate. “Nur in einer kleinen Zahl von Fal- 
len von Hemmung reichte die Zeit nicht aus, um zu entscheiden, 
ob ein Abbau stattgefimden hatte, wie wir es ftir wahrscheinlich 
halten.” 

If the authors’ tests with serum from non-pregnant women are 
summed up, there is nevertheless a tendency to an increase of 
the oxygen consumption when adding substrate. It has already 
been pointed out repeatedly, however, that there is usually 
a considerably greater uptake of oxygen in non-purified prepara- 
tions than there is in purified ones by deamination of the sub- 
strate. In this respect it is probable that even the oxygen con- 
sumption in serum does not entirely correspond to a destruction 
of the substrate, and consequently the values given must only be 
considered a relative measure of the diamine oxidase content of 
the serum. 

Methods involving the deterininntioii of aniironia 

formation. 

The determination of the ammonia formed in serum during the 
histamine-histaminase reaction has been carried out by Zeller 
(1940 b, 1941 c). Cadaverine was added to dialysed serum and the 
mixture incubated at 37° C for 4 to 16 hours, and the NHg formed 
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was detevmined. It was not always possible to show any NH3 
formation in serum-from non-pregnant women, the NH3 formation 
in these tests was often less than in the control test simultaneously 
carried out without substrate. In no case, however, did Zeller 
observe any greater formation of nitrogen than 0.4 y ammonia 
nitrogen per ml. serum per 16 hours’ incubation. Serum from 
pregnant women showed a formation of 18 y ammonia nitrogen 
under the same conditions. 


Methods inrolTiiig the determination of the discolora- 
tion of indigo disulphonate. 

The discoloration of indigo disulphonate (IDS) in the diamine- 
diamine oxidase reaction shown by Zeller (1938 b) has also been 
made use of when showing the histaminolytic enzyme in blood. 
Zeller employed for the experiment 4 to 5 ml serum incubated 
with cadaverine and IDS for 24 hours. The discoloration did not 
take place with serum from non-pregnant subjects even after 
incubation for several days, but with serum from pregnant 
women a quantity of only 0.2 ml will cause discoloration. Neu- 
mann & Ebbinge (1942) found that the reaction was more 
easily read if instead of serum they used a solution of the protein 
fraction which precipitates at 0.33 saturation of ammonium 
sulphate. There was only one case out of 30 non-pregnant women 
in which IDS was discoloured. On the other hand the reaction 
was most often positive with pregnant subjects, 

Neumann’s & Ebbinge’s investigations showed that the 
diamine oxidase in serum is precipitated almost quantitatively 
at 0.33 saturated ammonium sulphate solution. This statement 
is not in agreement with the results obtained by other authors, 
who endeavoured to purify the enzyme. Instead they have found 
the maximum activity in precipitates between about 0.4 and 
about 0.6 saturation with ammonium sulphate. It therefore 
seemed doubtful, as stated by Neumann & Ebbinge, whether 
there was any advantage worth mentioning by carrying out 
the test with only the fraction precipitating at 0.33 saturation. 
In some investigations of the distribution of the histamine in- 
activating factors on separate protein fractions I also found 
that there was a considerable quantity in the fractions precipi- 
tated at more than 0.33 saturation of ammonium sulphate. 
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The earlier investigations on the histaminolytic power of blood 
have been carried out under extremely varying conditions, 
consequently the results obtained are not commensurable. Fun- 
damental objections in certain cases may also be raised to the 
isolated investigations. However, taken altogether, the investiga- 
tions show that dogs blood inactivates histamine, whereas contra- 
dictory results are obtained from other animals. The same thing 
has also been noticed when adopting a biological technique as 
regards man. The scarcity of experimental data, however, has 
made it impossible to show the reasons for the various results 
arrived at by different authors. By means of chemical methods 
it has been considered possible to show the existence of hista- 
minase in blood; but on closer examination the fact must not 
be excluded that the effect shown in some cases may be ex- 
plained in another manner. With all the methods of investiga- 
tion blood from pregnant women shows a decided increase in its 
histaminolytic power, and this subject will be dealt with later. 



CHAPTER III. 


Determination of the histaminolytic power 

of plasma. 

Prom tlie critical analysis of earlier investigations it was clear 
that the chemical methods for proving the Mstaminolytic prin- 
ciple were combined with a relative large error when determining 
blood tests with low activity. Several authors have, however, by 
means of biological methods been able to establish a rather accurate 
determination of the histaminolytic power also in blood with 
low activity. It therefore seemed as though the biological method 
was more suitable than the chemical one when determining such 
blood tests. 

I have chosen to investigate whether and to what extent it 
is possible to analyse plasma tests with low activity by means of 
a biological method with a satisfactory accuracy. In order to be 
able to compare blood tests with low and high histaminolytic 
power it is necessary to work under the same or similar condi- 
tions, and I have therefore also carried out investigations of tests 
with high activity by means of the same biological method. 


The determination of histamine. 

Two different methods can be used for the quantitative deter- 
mination of histamine in biological material. Pirstly, it can be 
determined chemically, secondly, biologically. The chemical way 
of determination is generally based on a formation of coloured 
compounds indicated by Pault, which appear when the imidazole 
ring of the histamine combines with diazo compounds. The reac- 
tion is not specific, the same thing applying to e. g. histidine. 
It is not adopted when determining extremely small quantities 
of histamine. (< 1 y). The biological methods for the quanti- 
tative determination of histamine are based on its pronounced 
pharmacological effects on various organs, particularly on in- 
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testinal motility and blood pressure. Nor are these methods spe- 
cific, however, numerous substances existing in biological mate- 
rial influence the organ or system of organs tested and render 
the interpretation of the determination results difficult. As op- 
posed to the chemical some of the biological methods, however, 
have the advantage of being considerably more sensitive (>0.02 
y histamine/ml). In this chapter a description is given of a 
biological method for determining histamine.^ 

Preparatory treatment of the blood samples. 

As has already been said, when it is a question of showing 
biologically very small quantities of histamine in blood, consi- 
deration must be taken to other substances existing in the blood, 
such as choline, adenosine compounds, potassium and certain, less 
well known substances which influence the biological prepara- 
tion. Several methods have consequently been worked out for 
the chemical preparatory treatment of the blood, by Avhich is 
aimed at a destruction or elimination of the disturbing substances, 
at the same time as the histamine is preserved to the greatest 
possible extent. By taking certain measures the biological sub- 
strate has also been made more sensitive to liistamine than to 
the other substances. 

When determining histamine in blood it is generally the method 
introduced by Barsoum & Gaddum (1935) that is adopted or 
a modification of it. These authors found that if blood, after 
being precipitated with trichloracetic acid, which was then re- 
moved with ether, was boiled with hydrochloric acid, the adeno- 
sine compounds and other substances were destroyed, and by 
dissolving the extracts evaporated to dryness with alcohol sa- 
turated with sodium chloride the potassium content in the pre- 
paration became negligible too. "WTien testing the extracts of 
biological preparations particularly sensitive to choline, the authors 
recommended the addition of atropine, as this Avill abolish the 
effect of the choline. Barsoum’s & Gaddum’s original method, 
later on modified in a couple of details by Gaddum (cit. Code 
1937), has been closely analysed by several authors. For instance, 
Code (1937) pointed out that the elimination of the trichloracet- 
ic acid with ether is unnecessary, since the acid gets destroyed 
in any case when it is afterwards boiled with the hydrochloric 


^ In this paper by histamine I moan histamine base. 
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acid. Code also found a considerable loss of histamine during 
the alcohol extraction, and therefore he suggested replacing it 
with a Water extraction. Mac Intosh (1938) confirmed Code’s 
observation that there is a considerable loss of histamine when 
the alcohol extraction takes place. 

Anrep et al. (1939) found that the histamine equivalent in 
blood, obtained according to Code was higher than that arrived 
at with Baesoum’s &. Gaddum’s method. Ainrep et al. stated 
that the reason for this is a substance in the remainder of the 
water solution which affects the gut and which the alcohol is 
not able to dissolve. This substance is to be found in the red 
blood-corpuscles but not in serum. Later Kwiatkowski (1941) 
showed that it was potassium. According to Code, however, 
potassium does not exist in such quantities in the extract that 
it interferes wdth the contractions of intestine to histamine. 

Investigations showing that the substance determined in the 
preparation is histamine have been made by Barsoum & Gaddum 
and Code. They tested the extract on various biological pre- 
parations and found a good quantitative agreement with the 
results arrived at on the other preparations. Some criticism, how- 
ever, has been passed on the above methods for the determina- 
tion of histamine, in which it is maintained that the histidine 
in the blood is partly decarboxylated by the trichloracetic acid 
and this would result in too high histamine values. (Akerblom, 
1941). 

In summing up it may be said that earlier investigations show 
that it is possible to make a histamine analysis in blood using 
Barsoum’s & Gaddum’s or Code’s modified method. Bar- 
soum’s & Gaddum’s original method seems preferable when ana- 
lysing whole blood with a low histamine content, while Code’s 
modification will nevertheless prove advantageous in the ana- 
lysis of plasma owing to its greater simplicity. 

When determining synthetic histamine added to plasma I 
have followed the principle of the method published by Code. I 
have, however, made some small changes in the method of ex- 
traction on account of there being a smaller quantity of blood 
at my disposal for tests than Code had. I have boiled the pre- 
paration with hydrochloric acid of 10 % instead of concentrated 
acid, since it does not seem to affect the final results, which 
will be seen from the following experiment. A quantity of 0. ^ 7 y 
histamine per ml was added to plasma and then the amine 
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was determined. In tliree samples boiled with bydrocliloric acid 
of 10 % there remained 0.73, 0.75 and 0.75 y/ml, in three tests 
boiled with concentrated hydrochloric acid I found 0.72, 0.73 
and 0.78 y/ml. 

The method finally adopted was as follows: A quantity of 6 ^ 
8 ml 10 % trichloracetic acid is added to 3 a 4 ml plasma, and 
then the mixture is allowed to stand for at least l^- hours. It is 
then filtered and the precipitate washed 4 times with 3 ml 10 % 
trichloracetic acid, after which it is mixed with 6 a 8 ml 10 % 
hydrochloric acid. The mixture is boiled for P/2 hours and then 
evaporated to dryness. Most of the hydrochloric acid is removed 
through distillation in a boiling water-bath with four portions 
of 10 ml alcohol. The residue is mixed with 3 — 4 ml water and a 
sufficient quantity of Tyrode’s solution so that the histamine 
content in the final test amounts to about 0.3 y/ml. NaOH is 
added until the reaction becomes neutral to litmus. 


The biological dotorinination on the guinea-pig intestine. 

The amount of histamine in the blood preparations produced 
according to the directions given above have been established by 
determinations on the small intestine of guinea-pig. 

The technique for the determination on the guinea-pig intes- 
tine has on the whole been in agreement with the method intro- 
duced by Magnus (1904) and developed by Guggenheim & 
Loeelee (1916). After killing the guinea-pig by a blow on the 
head and opening of the blood vessels of the neck — the loss 
of blood proved advantageous to obtain a sensitive intestine 
preparation — the front wall of the abdomen was cut away and 
the small intestine cut off just below the stomach, after which 
ca. 3 dm of the intestine were taken out and placed in lukewarm 
Tyrode’s solution. Shortly after the intestine had been transferred 
to a saline solution it began to show spontaneous movements and 
pieces measuring about 2 a 3 cm were then fixed in a bath 
measuring 3. 5 or 20 ml. After that the spontaneous movements 
stopped as a rule. The arm of the lever, which transferred the 
movements of the unfixed end of the intestine to a kymograph, 
enlarged the contractions of the intestine ca. 6 times. The 
Tyrode’s solution was of the following mixture: 0.8 % NaCl, 
0.02 % KCI, 0.02 % CaCi,. 0.02 % MgCl»-6 H^O, O.l % 
NaHCOg, 0.005 % NaHoPOi'HoO and 0.1 %, glucose. A mixture 
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of 96 % O 2 Rnd 6 % COj was bubbled tbrougb tbe suspension 
fluid. 

According to Baesoum & Gaddum and Code tbe extracts 
made on tbe principles of tbeir histamine determination methods 
contain choline, and this may prove disturbing to the histamine 
determination when the biological preparations are particularly sen- 
sitive to this substance. Thus Code stated that an extract tested 
on the blood pressure- of cat shows considerably higher values 
before the cat has been atropinized. When testing the intestine 
of guinea-pig this source of error is not considered to exist, though 
at the suggestion of Gaddum, Code thinks it ad%dsable to atro- 
pinize the intestine as well to lessen its spontaneous movements 
as to shorten the relaxation time of the intestine. Owing to the 
fact that the sensitivity of the intestine to histamine is con- 
siderably reduced on account of the atropine, the determination 
of the preparations, short of histamine, may nevertheless be 
rendered difficult. — I have added atropine (ca. 0.2 y/ml 
suspension fluid) to those intestine preparations which had dis- 
turbing spontaneous movements or had a long relaxation time. 

The intestine preparations, which have been treated as in- 
dicated above, have in my experiments reacted to a histamine 
concentration of down to 0,0006 y/ml in the suspension fluid. 
The routine histamine analyses, however, have usually been 
carried out with a percentage of 0.0015 y — O.OOG y per ml. 

What has been of greater importance than the absolute sensi- 
ti\dty of the guinea-pig intestine for the investigations in this 
paper has been the possibility to establish differences in the 
concentrations of histamine on the intestine preparation. Feld- 
BERG &■ ScniLD (1930) pointed out that this is very slight and 
they quoted Ellinger (1930) as having emphasized the fact 
that it is only possible to distinguish with certainty amounts nof 
histamine varying from each other with ca. 100 %. Other ob- 
servers, however, have pointed out that under certain conditions 
it is possible to show very much better results. For instance 
Tarras-Wahlberg (1936) and Code (1937 a) pointed out that 
the intestine of the guinea-pig is sufficiently sensitive to be able 
to register even slight differences in histamine added, and the 
latter author goes on to illustrate this by a curve showing that 
the intestine is able to give clear, records of differences right 
down to below 10 %. 

The explanation for these divergent results will most likely 
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Fig. 2. Contraction of guinea-pig ileum suspended in Tyrode's solution to in- 
creasing doses of histamine. 

Volume of bath 20 ml. hi = ^ histamine dihydrochlorido (concentration of amine 
solution = 0.5 Tf/ml) 

be due to the fact that the different authors have worked with 
intestine preparations of extremely varying sensitivity, one and 
the same piece of intestine from the same animal often reacting 
quite differently to histamine at different times, in spite of the 
composition and temperature of the suspension fluid, the tension 
of the intestine as well as the intervals between the various 
registrations etc. being kept constant. The reason for the changes 
in the sensitivity more or less defies explanation. It is possible 
that during repeated contractions of the intestine preparation 
metabolic products may form which affect the sensitivity. 
Anyone studying this method will soon find how much depends 
on the way in which the intestine is prepared, how it is kept previous 
to being hung up, the tension, the frequency of recording and 
several other details. Eichler & Bareuss (1940) thought it 
advisable to starve the animals for a couple of days previous 
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Fig. 3. Quantitative determination on two guinea-pig ileum preparations of 
histamine in plasma treated according to directions given on page 30. Scale 1 : 1.5. 

hi = Y histamine dihj’drochloride {concentration of amine solution = 0.5 y m/1). 
X = ml plasma sample. 

According to mode of calculation given below, 1 ml x contains 0.42, 0.37 
and 0.39 y when testing on the first and 0.39 and 0.42 y when testing on the 
second intestine preparation. Mean: 0.398 y ± 0.004. 


to making use of them for intestine experiments, I have also 
fotmd that guinea-pigs whose intestines contain only a little 
nsually give better intestine preparations than those whose 
intestines are loaded. From a material of 29 males and 27 females 
I could not establish any definite difference between the sexes 
as regards histamine sensitivity. On the other hand animals 
weighing between 250 and 400 gr. give somewhat more sensitive 
intestine preparations than those under 250 gr. — ■ Fig. 2 illustrates 
that it is possible to get a very high degree of sensitivity in suited 
preparations. 

When determining histamine I added the unknown test to 
the intestine preparation alternating with a known histamine 
solution as standard, after which the histamine content of 
the unknown test has been calculated on the basis of the two 
histamine records by interpolation according to the following 
example (fig. 3). In fig. 3 the records no. 3 — 6 are of the 
following lengths: 

0.05 y histamine = 34 mm 
0.15 X ==37 mm 

0.07 y histamine = 45 mm 


3—443002 
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From this is calculated: 


0.15 X = 0.05 


(37—34) (0.07 y— 0.05 y) 
y + 45=131 


0.0655 y 


Thus 1 ml X = 0.37 y/ml. 

The unknown test is added ca. 6 times to the intestine, the hista- 
mine each time being calculated as above, after which the mean 
of all the calculations is given as the amine content of the test 
(see fig. 3!). 

This method of calculation allows of a sufficiently accurate 
determination of the histamine. The magnitude of the intestine 
contractions, however, is not in perfect proportion to the quant- 
ity of histamine added, nor does the lever arrangement transfer 
the movement of the intestine on exactly the same scale in the 
various parts of the range of the movement. In order to reduce 
the effect of these factors, however, I have endeavoured to fit 
in the records of the unknown test between the histamine con- 
tractions that differ as little as possible. As a rule the interpola- 
tion has taken place between the histamine records, one of which 
has been up to 20 to 30 % longer than the other. As a rule 
no interpolation has been carried out when the liigher of the 
flanldng records has been caused by a quantity of histamine 
exceeding the lower by 50 %. As has been shown by Emmelin, 
Kahlson & WiCKSELL (1941), -who studied the concentration- 
effect curve for histamine on the ileum of guinea-pig, the most 
reliable results are obtained when the intestine is brought to 
contract at between 10 and 60 % of its maximal response. In 
this rayon the length of the intestine contraction is almost in 
direct proportion to the quantities of histamine added. I 
have taken this fact into consideration and have carried out 
the histamine determinations within the range of this contrac- 
tion. 

As regards the proportionality between the length of the in- 
testine contraction and the record on the kymograph paper, it 
can be stated that the lever arrangements have been such that 
no practically significant disproportionality has existed within 
the range of movement generally made use of. 

With this technique the average error varies with different 
intestine preparations. Here is an example of a series of 18 
determinations carried out on two intestine preparations from 
the same guinea-pig with a Tyrode^s solution containing 0.441 y 
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TaI)lo 1. 

Examples shoiaing accitracij tcith which histamine can be determined, in 
Tyrode’s sohition containing 0.441 y aminejml. Both intestine prepara- 
tions from same animal. Volume of bath 20 ml. 


Intestine preparation no 1 

Intestine preparation no 2 

TjTode’s solution 

Histamine found 

! Tjrode’s solution 

Histamine found 

added to bath ml 

Y/ml 

1 added to bath ml 

Y/ml 

0.40 


0.40 

0.435 

0.45 



0.4C7 

0.4O 


0.45 

0.429 

0.35 

0.49C 

0.40 

0.458 

0.30 

0.373 

0.40 

0.452 

0.25 

0.452 

0.35 

0.406 

0.30 

0.433 

0.30 

0.437 

— 

— 

0.25 

0.432 

— 

— 

0.25 

0.448 

— 

— 

0.30 

0.450 

— 

— 

0.33 

0.448 

Mean: 0.43G ± O.OlT 

1 

Mean: 0.447 ±0.004 

a — 0.045; V 

- 10.5 % 

a = 0.013; V 

= 2.9 % 


Mstaniine/ral. The determinations gave the following results: 
table 1. 

Table 1 demonstrates that the histamine determination of one 
intestine had an average error of 10. o %, while with the other 
it w'as 2.9 %. Both intestine preparations were taken from the 
same guinea-pig and treated in the same manner, consequently 
the experiment illustrates the different sensitmty that may be 
found in different pieces of the same intestine. Moreover, the 
test with the intestine preparation no. 2 shows how slight the 
error really can be in some cases with this method of histamine 
determination.^ 

With 4:23 determinations of plasma samples prepared accord- 
ing to the method described in this chapter I found an average 
error of 8.3 % for a single determination, this calculated by means 
of analysis of variance (Snedecob, 1938, Bonnier & Tedin, 
1940). The 423 determinations were carried out on about 30 dif- 
ferent intestine preparations. As each plasma sample was esti- 
mated on two different intestine preparations, about three de- 
terminations on each, the standard error of a sample becomes 

8.3 : = 3.4 %. 

' Most of the routine histamine determinations have been earned out by 
Mrs ar. Lindguek, to whom I am indebted for her particularly careful teohmcal 
assistance. 
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The aecm-acy of Code’s method. 

It is interesting to make clear firstly what remains of the amine 
when using Code's method, and secondly with what degree 
of accuracy it can be determined. The method has been systema- 
tically tested before by several authors. Thus Code, Evans & 
Gbegoey (1938) have found 86 — 102 % of the added 10 — 40 
y histamine per liter. Anrep, Babsodm, Talaat & Wieningee 
(1939) also obtained good yields when adding 66 y histamine 
per liter dogs blood. A considerable number of similar tests have 
also been earried out by Emmelin, Kahlson & Wicksell with 
a method similar to that of Code’s. They obtained a good yield 
when adding between 5 and 30 y histamine base per liter plasma. 
The latter authors also earried out caleulations to see with what 
degree of accuracy Code's method can determine native and added 
synthetic histamine. On the basis of 23 determinations of plasma 
samples with between 0.03 y and 0.14 y histamine/ml they found 
that the standard deviation was 5.6 % of the average quantity 
of histamine in plasma. 

The experiments mentioned have been carried out on plasma 
samples with a considerably lower content of histamine than 
has been used in this paper, and therefore the results obtained 
cannot simply be considered as proof of equally satisfactory re- 
sults with higher histamine concentrations. The author has con- 
sequently carried out a series of tests with these concentrations, 
and the results are to be found in table 2 and fig. 4. 

Table 2. 

Relation between histamine added and found according to method 
described for histamine determination. 


No. of 
tests 

Histamine 

added 

Tf/ml 

Histamine 

found 

■r/ml 

Difference 

T/ml 

8 


0.032 

+ O.OIG 

9 


0.103 

+ 0.025 

5 


O.IGG 

+ O.OIG 

3 


0.325 

+ 0.035 

5 

0.348 

0.340 

— 0.008 

3 

0.491 

0.512 

+ 0.021 

68 

0.596 

0.573 

— 0.023 

3 

0.714 

0.735 

+ 0.021 

3 

0.938 

0.954 

+ 0.016 

3 

1.17 

1.14 


20 

1.45 

1.42 

— 0.03 
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Fig. 4. Relation Ijctwccn liistamino added and found according to method 
described for histamine determination. 

Abscissa: liistamino added: T/ml plasma. 

Ordinate: histamine found: Y/ml plasma. 


A histamine equivalent of 0.014 y/ml has been found in 
plasma without any addition of histamine. By adding small 
quantities I have recovered more than was added, and the dif- 
ference is made up of what can be presumed to correspond to the 
amine equivalent in the plasma. If larger quantities are added, 
however, all is not recovered as a rule, the quantity being a few 
per cent less than that added. The explanation for this is either to 
be found in the fact that there has been a real loss of histamine 
during the chemical treatment or that in spite of this treatment 
the final preparations contain some substance which decreases 
the sensitivity of the intestine preparation. The latter hypothesis 
was tested inter alia by means of the following experiments. Four 
plasma samples of 4 ml wliich had been incubated for 22 hours at 
37° C so that any possibly existing histamine had been inactiv- 
ated, were treated according to Code’s modified method. When 
the preparations had been neutralised 2.43 y histamine was 



38 


AXEb AUhMARK. 


added to eacli. The -values of 2,29 y, 2, .57 y, 2.38 y and 2.44 y 
were obtained at the following determination on guinea-pig intes- 
tine when 6 to 6 determinations were carried out on each pre- 
paration. 

The mean of all the samples was 2.42 y i 0.058. The experi- 
ment shows that the amine really fully corresponds to the hist- 
amine indicated in the Code preparation, and that no inhibitive 
substance exists. Thus, the decrease in the recovery of the tests, 
which has been noticed in some cases must be attributed to a loss 
of histamine during the preparation. 

As to the accuracy of the method, the author found in 68 dif- 
ferent preparations a coefficient of variation of 6.3 %. The error 
of the chemical pre-treatment can be calculated from the follow- 
ing. As according to page 35 the intestine determination method 
has an error of 3.4 %, the standard error of the pre-treatment 
(Opr) becomes 

The inactivntiOTi of liistnminc in plnsinn. 

The re\'iew of earlier investigations on the histaminolytic power 
of blood showed that by adding small quantities of histamine to 
blood and obser\’ing the inactivation of the amine on a biological 
preparation it was possible to obtain an approximately quantitative 
expression of this power. None of earlier methods published, how- 
ever, seem suitable for an accurate quantitative judgment of 
the effect, and consequently a closer investigation has been 
devoted to kinetics ofthc inactivation in the blood. I have in this 
chapter to a large extent made use of blood from pregnant women. 

In many cases I have found that histamine in plasma is inacti- 
vated with a gradually decreasing rapidity. This is illustrated in 
fig. 5, in which the inactivation curves for some plasma tests 
have been inserted. The dots (#) and circles (O) refer to the ab- 
scissa stated in minutes, the crosses (x) to the abscissa ex- 
pressed in hours. The plasma samples come from pregnant wo- 
men, the dots and circles signifying two subjects during the latter 
and the crosses a w'oman during the earlier part of pregnancy. 

^Vhen it is a question of giving an expression in figures for the 
rate of inactivation in the reaction it is possible to proceed in two 
different ways. The first one is to break off the process for all the 
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Fig, 5. Inactivation of histamine in plasma from 3 pregnant women. Initial 
amino concentration 1.5 f/ml. For explanations, see text. 

tests at a definite point of time and examine the remaining quan- 
tity of amines, the second is to examine the tests when it is as- 
sumed that the reaction has arrived at a certain definite phase. 

The former method seems to have been chosen by all earlier scien- 
tists, who have made use of the biological method with constant 
initial histamine percentage, and it seems to give very good results 
as a rule, if the reaction is broken off at a time when the rate of 
inactivation is high, i. e. during the first two thirds. On the other 
hand if the reaction is not broken off until only a small quantity 
or no histamine at all remains, then only an approximate con- 
ception of the histaminol}'tic power can be obtained. If the reaction 
has, however, had time to run a very small part of its course when 
the reaction is broken off, there will be another drawback. The 
calculation of the quantity of the histamine inactivated is based 
on the determination of the remaining amine, consequently, if 
only a tenth part of the histamine has been destroyed when the 
reaction is broken off and the determination of the remaining 
amine has been made with an accuracy of, let us say 5 %, then the 
quantity inactivated cannot be given more accurately than at 
about 45 %. Thus in the case of plasma tests with very strong and 
very weak histaminolytic power this method of investigation does 
not give accurate values. 

If the inactivation process is broken off at some definite phase 
of the reaction in each particular case, it is possible to get a more 
accurate knowledge of the histaminolytic power. Since the hista- 



40 


AXEL AHLMARK. 


mine determination is made Avith the greatest absolute accuracy 
the smaller the quantity of remaining histamine is, the ideal point 
of time to break off the reaction theoretically speaking would be 
just before all the histamine has been destroyed. For practical 
reasons, however, it is impossible to carry out such an investigation 
on any great scale, for it presupposes very accurate knowledge of 
the histaminolytic power in the plasma before the experiment is 
carried out, and this can only be done if a test has been taken 
previous to the examination. The author has not carried out such 
tests as a rule, but has usually broken off the inactivation process 
earlier instead, that is to say when he has presumed that half of 
the histamine added has been destroyed. But even this method 
presupposes a certain previous knowledge of the course of the 
inactivation in the plasma. Since it is possible — as will be seen 
later — to calculate approximately the histaminolytic power in 
the plasma from, amongst others, blood tests that may have pre- 
viously been taken from the same person, the method which I 
have suggested will alao be practicable when making investiga- 
tions on a large scale. In order to increase the possibility of catch- 
ing the reaction just when half of the histamine added is des- 
troyed, I generally take two tests just before and just after 
what I presume to be this point. 

In model tests I have also gone into the question as to whether 
and to what extent a quantitative calculation can be obtained 
of an enzyme containing material added to plasma by following 
the histamine inactivation biologically. Placental extracts with 
high activity were used as an enzyme source in these experiments. 
Varying quantities of placental extract have therefore been added 
to the plasma, after which the disappearance of the histamine 
has been observed. In order to get a measure for the rate of the 
inactivation I have determined by means of interpolation the time 
at which half of the quantity of histamine added can be con- 
sidered to have been inactivated. Table 3 shows the results of a 
couple of such tests. In experiment no. 1 plasma was used from a 
man, in no. 2 from two women: in the tests with 0.29-r-0.8D mg 
extract/ml plasma from one woman, and in the test with 17.5 mg 
extract plasma from another woman. The same placental extract 
was used for all tests in experiment 2, but another one in experi- 
ment 1. Every determination of the time at which half of the quan- 
tity of histamine is destroyed is based on an investigation of 2 — i 
.tests taken at different times during the reaction. 
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Table 3. 


The correlation between the amount of placental extract added to plasma 
and time taken for inactivating half quantity of histamine added. Initial 
histamine concentration 0.6 yfml. For details, see text. 


Exp. 1 

Exp. 2 

Placental ex- 
tract added, 
mg/ml 

Time taken 
to destroy 
half of hista- 
mine added, 

. hours 

mg. extract 
X hours 

Placental ex- 
tract added, 
mg/ml 

Time taken 
to destroy 
half of hista- 
mine added, 
hours 

mg extract 
X hours 

0.9 

4.1 

3.7 

0.29 

13.7 

4.0 

25.0 

0.18 

4.5 

0.55 

6.6 

3.6 

— 

— 

— 

0.89 

3.7 

3.3 

— 

- 

- 

17.5 

0.20 

3.5 


The tests do show that when adding varying quantities of 
placental extract to the plasma, there is a histamine inactivating 
rate during the first half of the process, which roughly speak- 
ing is in proportion to the quantity of extract added. If there were 
any direct proportion between the quantity of added placental 
extract and the rate of the inactivation of histamine, the product 
of the extract quantity and the time at which half of the amine is 
destroyed would be constant when using the same extract. 
The values found in the table of this product are of the same 
magnitude, if consideration be taken to the accuracy with which 
the tests were carried out. Thus the establishment of the rate of 
inactivation in a blood sample seems under certain conditions to 
be able to give an approximate expression of the histaminolytic 
power existing in the blood. 

It was also found that the inactivation of histamine by placental 
extract in plasma from different subjects proceeded with the same 
rate, which is illustrated in fig. 0. The reason why the 
values in fig. 6 of inactivated histamine show greater variation 
at the beginning than at the end of the test is no doubt due to the 
fact that the determination of the remaining quantity of hista- 
mine proceeds ndth greater accuracy if there is less histamine left 
in the test. This experiment indicates that plasma tests inactivat- 
ing histamine with the same rate contain an equally great 
histaminolytic power. Thus any possible existing enzyme activa- 
tors and inhibitors which may affect the course of the reaction 
seem to exist in the same quantities in different samples of 
plasma. This conclusion is also supported by some experiments 
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Fig. 6. Inactivation of histamine by placental extract in plasma from four 
different subjects. 2.9 mg placental extract is added to one ml plasma. Initial 
histamine concentration 0.6 'ijvol. #, O and □ denotes plasma samples from three 

women, X from a man. 

Abscissa; incubation time. 

Ordinate: inactivated histamine per ml. 


in wliicli I have mixed plasma samples of different histamino- 
lytic power and then investigated this power in the mixtures 
(table 4). The table shows that the histamine destroying effects 
of the mixtures are in good agreement with those calculated. 

Table 4. 


Estmatmi of Jmiaminolytio potoer in mixlxires of different plasma 

samples. 


Exp. 

no. 

Plasma 
sample 1. 

Plasma 
sample 2. 

Plasma 
sample 3. 

Calculated 
histamino- 
lytic power 
of mixture 
T/ml/h 

Histamino- 
lytio power 
found, 
T/ml/h 

Differ- 
ence % 

ml 

Y/ml/h 

ml 

T/ml/h 

ml 

T/ml/h 

1 

5.0 

3.2 

13.0 

4.2 

11.0 

1.3 

2.9 

3.1 

+ 7 

2 

12.5 

0.12 

10.5 

0.31 

— 



0.21 

0.20 

— 5 

3 

6.0 

2.7 

6.0 

1.9 

— 

— 

2.3 

2.i 

+ 4 


In order to establish the rate of the histamine inactivation in 
plasma the first thing to do was to try to establish a suitable 
initial histamine concentration in the reaction mixture. Experi- 
ments with the addition of placental extract to plasma had indicat- 
ed that with a histamine concentration of 0.6 y/ml, it was possible 
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to show small quantities of the extract by investigating the inacti- 
vation, Earlier investigators in this field [Werle & Effke- 
MANN (1940 a), Anrep & al. (1941) amongst others] have also 
found an initial histamine concentration of about 0.6 — 1 y hist- 
amine base to be suitable. Therefore I chose this concentration 
at first, but on finding that certain blood tests showed such a high 
histaminolytic power that it took only a few minutes to inactivate 
half of the amine, I increased the concentration to 1.5 y/ml. 

There was another reason that made me change and make use 
of 1.5 y/ml. As will be seen in fig. 4 (p. 37), when determining the 
histamine in concentrations under 0.3 y/ml, higher values than 
those added are as a rule obtained. Therefore in order to form 
an idea of the difference in the histamine percentage, an amine 
determination must in consequence be carried out as well at the 
beginning as at the end of the test to obtain by means of subtrac- 
tion the most correct value possible of the quantity of histamine 
inactivated. This source of error is much less with higher hista- 
mine concentrations. The quantity of histamine added does not 
differ from that obtained with the intestine determination by 
more than a few per cent, consequently it is imnecessary to test 
the histamine content at the beginning, which means much less 
work. I have carried out tests with slight histaminolytic power 
either with the higher or lower initial histamine concentration 
or with both, all according to which has been most suitable with 
consideration to the time at which the incubation had to be brok- 
en off. In 10 tests when the determination of the histaminolytic 
power was carried out at the same time with both the initial 
concentrations, I found on an average 10 — 15 % less values of 
the histaminolytic power with the 0.6 y/ml than with the 1.5 
y/ml concentration. I have not corrected the values with refe- 
rence to this relation, since the source of error thus caused in 
relation to the absolute variations in the histaminolytic power 
of the subjects concerned — pregnant women in the 7th to 10th 
weeks — is negligible. As we shall see later the histaminolytic 
power increases by about 2000 % during this period. 

Method for the determination of the 
histaminolytic power. 

The examination has usually been carried out in the following 
manner: 13 to 17 ml heparinized plasma is incubated in a little 
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round retort for about 5 minutes in a water batb at 37° C. After 
that 0.65 to 0.85 ml histamine solution is added containing 30.4 y 
histamine base pr ml in phosphate buffer solution at pH 7.2. As 
soon as the histamine has been added, the retort is shaken thor- 
oughly so that the plasma and histamine get properly mixed and 
at the same time a stop-watch is released. When the reaction is 
to be broken off a syringe is put into the reaction mixture having 
a glass capillary tube of about 5 cm at the end. By means of an 
adjustable brake-control fitted on to the piston and with a quick 
movement of the hand the tube is filled with an exact quantity 
of the fluid, usually 3 or 4 ml, after which it is spurted into double 
the volume of 10 % trichloracetic acid so that the histamine inacti- 
vation is broken off. It takes about 5 seconds from the moment 
when the fluid, is drawn up into the tube till it is precipitated in 
the trichloracetic acid. The actual time of incubation is generally 
given to within 6 seconds, ndth longer tests to within 1 minute. 
About four tests are taken at every experiment. 

Plasma tests, which under the conditions now mentioned in- 
activated less than half of the amine added in 5 or 6 hours, have 
only been supplied with 0.26 to 0.34 ml amine solution to 13 — 17 
ml plasma instead of 0.65 to 0.85 ml histamine solution. 

When the precipitated plasma tests have stood for P/s hours 
they are treated as is earlier described and the quantity of hista- 
mine is determined on the small intestine of guinea-pig. 

If the values obtained for the remaining quantity of histamine 
are subtracted from the quantity added and inserted in a co- 
ordinate system, the inactivation curves are obtained, some typical 
examples of which are given in fig. 7. In order to get represen- 
tative expression from the values obtained of the inactivation rate 
in the different tests, I have proceeded in the following manner. AU 
the values sho^ving an inactivation of between 33 and 67 % of the 
amine added have been put together and the mean has been cal- 
culated. Then the mean for the times at which the same tests were 
taken has been calculated, and the averages thus obtained for 
inactivated histamine and inactivation time have been used to 
form the basis for judging the histaminoljijic power. This has been 
expressed as the quantity of histamine base inactivated by 1 ml plasma 
in the course of one hour {yjmljh). 

Earlier units given for the histaminase determination may be 
mentioned here. A unit originally proposed by Best & McHenbv 
was established from the activity essential for the destruction, of 
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7. Inactivation of histamine in 24 dificrent plasma samples. Initial amino 
concentration 1.5 Y/ml. 

time (minutes and hours in respective columns of cimves). 
Ordinate: inactivated histamine, expressed in f per 4 ml of incubation mixture. 
Iho diagonal lines are drawn through origo and the mean of the values 
lying between 2 and 4 y. 
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1 mg histamine during 24 hours’ incubation at 37° G in a phosphate 
buffer solution at pH 7. 

The diamine oxidase unit proposed by Zeller, Birkhauser, 
Mislin & Wenk (1939) indicates the activity in an enzyme solu- 
tion, which saturated vdth cadaverine, brings about an initial 
metabolism of 10"® mol per hour. This unit with various modifica- 
tions has been used by several authors. Another unit has recently 
been adopted by Stephenson (1943). He described a unit as the 
quantity of enzyme necessary for catalyzing the consumption of 
1 c.mm. oxygen in 10 minutes at pH 7.0 and at 37.5° C in a 
solution containing 0.1 M ammonium ion and 1 m/M histamine. 
The histaminase unit of Best & McHenry (1930) corresponds to a 
destruction of 40 y histamine per hour, a diamine oxidase unit of ca. 
110 y and a unit of Stephenson’s of about 60 y. Zeller’s unit has 
been calculated with histamine as the substrate and no considera- 
tion has been taken to the influences that the different ions and 
temperatures postulated at the various standardizations cause. 
Should cadaverine be used instead of histamine at the enzyme 
determination according to Zeller, the ratio of enzyme obtained 
must on account of the greater reaction rate of the cadaverine 
be divided by 1.3 in order to be able to be compared with the units 
based on histamine. 

The conditions under which I examined the blood deviate in 
several respects from those stipulated for the units above men- 
tioned. It therefore seemed practicable simply to express the 
histaminolytic power of plasma in the quantity of histamine de- 
stroyed by one ml plasma in an hour according to the conditions 
indicated above. 

The schematic process of calculation used by the writer pre- 
supposes that the inactivation of the remaining second third of 
the histamine added takes place mth constant or almost constant 
rate. As has just been mentioned, however, the inactivation 
generally takes place with a gradually decreasing rate. During 
the time while the second third of the histamine is being destroyed, 
however, the inactivation (see curves in fig. 7) takes place ac- 
cording to an almost rectilinear course. If the inactivation is cal- 
culated on the basis of the values corresponding to 33 % of the 
inactivation, a somewhat higher expression is usually obtained 
than if calculated on the values corresponding to the 67 % inacti-' 
vation. In order to avoid this inconvenience the author has en- 
deavoured as far as possible to suit the times of incubation so that 



STUDIES ON THE HISTAMIKOLYTIC POWER OF PLASMA. 47 

two values correspond to between 33 and 50 % of the inactivation, 
and the other two to between 50 and 67 %. By doing so the mean 
for the four tests is intended to come very close to 50 %, thus 
considerably reducing the above mentioned inconvenience. 

As the histarainolytic power in the plasma samples has not been 
known in detail previous to the carrying out of the experiments, 
however, it has not always been possible to suit the times of incuba- 
tion so that fitting values of inactivation have been obtained. A 
material of 164 determinations of the histaminolytic power select- 
ed at random showed, however, that the mean inactivation had 
been calculated on a value corresponding to 49.7 % of the inactiva- 
tion of the amine and that 2/3 of all the values were obtained 
between 44 and 56 %. As the w'ork proceeded and I gained greater 
experience as to the histaminolytic power of the blood, however, 
I was able to prognosticate wdth greater certainty the rate of 
inactivation in the various blood tests. By this means it was 
possible to choose the times of incubation so as to get nearer the 
time when half of the histamine was destroyed, and thus still 
further reduce the importance of the sources of error referred to. 

The author has tried to make out of how great importance 
this source of error is for the accuracy of the inactivation equi- 
valents. By means of graphic calculation of a number of inactiva- 
tion curves, however, I have found that in 2 cases out of 3 the 
expression of the histaminolytic power has an error less than 3.5 to 
4 %. In 31 cases w'hen 0,6 y/ml was used as the initial histamine 
concentration, by the same calculation I found that the error 
indicated in 2 cases out of 3 was at the most 13 %. Taking into 
consideration that the variations in the histaminolytic power of 
blood — as expressed by means of the method used in this work 
can amount to hundreds of times during pregnancy, the error 
just referred to is negligible. 

Another source of error when calculating the histaminolytic 
power lies in the fact that the amine shown in the plasma tests 
does not correspond to Avhat is foimd in the test immediately 
before it is precipitated Avith trichloracetic acid. As has been 
previously pointed out it has been possible to show by recovery 
tests that the histamine equivalents obtained usually very close- 
ly agree with the quantity of histamine existing in the test. 
Table 2, however, shows that with a histamine percentage of 
0.6 y/ml a small percental loss must be reckoned with. It has 
not been definitely established whether this is also the case with 
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higlier liistamiiie percentages, but the values in the table indicate 
that it may be so. The high values after adding 0.7 and 0.9 y/ml 
indicate, however, that the loss is of no great importance. If the 
77 tests in table 2 in which 0. 45 to 0. 98 y/ml is added — which are 
the limits between which the histamine remains when deter- 
mining the histaminolytic power — are summarized, an average 
loss is obtained of 0.018 y/ml. If consideration is also taken to 
plasma’s own histamine, which on an average may be calculated 
at 0.02 y/ml, it seems possible to be able to reckon with a loss of 
about 0.038 y/ml at the lustamine determination, corresponding 
to an error of at most 5 %. The investigations carried out, how- 
ever, do not seem to be so complete that they allow of a consistent 
addition of 0.038 y histamine per ml test to obtain the correct 
value. 

If full consideration should be taken to the above mentioned 
facts when determining the histaminolytic power, it would be 
necessary to establish the probable histamine recovery in each 
particular case by means of tests with the plasma in question 
during the experiment. The author has made it a rule to carry out 
such control tests when it has been a question of establishing 
slight differences in the histamine contents of the plasma tests, 
but as will be understood from the above, he has not carried them 
out with the ordinary test of the histaminolytic power. In one 
case, however, simultaneously with the inactivation, I have exa- 
mined the histamine recovery with the amine concentrations that 
were left after the different times of incubation. In three series 
of experiments each consisting of five plasma tests there was 
added about as much histamine as was left in the tests 
incubated. If the tests in the series incubated were corrected 
bearing in mind the mixture experiments, and the hista- 
minolytic power were calculated in the ordinary manner, it was 
found that the value corrected in this case differed from the 
non-corrected by 2.7 %. 

Considering the slight magnitude of the error as compared 
with the great changes in the histaminolytic power during the 
various phases of pregnancy, the author has not studied the 
effect of this source of error on the histaminolytic power more 
closely. 

The accuracy with which it is possible to determine the hista- 
minolytic power of plasma according to the method now described 
depends on 1: The accuracy of the histamine determination. 
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Table 6. 

Mepeakd dtter7ninations 0 } ilie Jiistaminolytic power of plasma. “No. 
of phsina samples'’ mdicates the number on which the determination 
is based w each particular case. Each plasma sample is based on 
about 6 determinations on the intestine. 


Exp. 

Test no. 

1 

Test no. j Test no. i 

•2 ! 3 i 

Coeffi- 
cient of 
variation 

% 

No. of 
plasma 
samples 

7 /ml;h 

No. of 
plasma 
samples 

■y/ml h 

No. of 
plasma 
samples 

1 Mean 
T ml/h ; 

i 

1 

2 

■ 

4 

3 

0.382 

4 11 

4 j 0.37C 

3 1 4.26 

4 

0 

0.395 0.384 

3.92 , 4.10 

2 j 
4 1 


2; How nearly it is possible to suit the time of incubation to the 
moment when half of the histamine has been inactivated, 3: How 
many tests have been taken at that moment, and 4: Measuring 
and other errors. 

Ad 1 and 3. Acccording to p. 38 the histamine content in the plas- 
ma tests is determined with an average error of 6.3 %. As about 
3 plasma samples are taken as a rule to form an average determi- 
nation of the histaminolytic power, the variation of the histamine 
determination causes an average error of 6.4: y3 = 3.7 %. 

Ad 2. The source of error here discussed causes an average error 
of 3.5 to 4 % (p. 47). 

Ad. 4. Other causes for the variation in values have not been 
calculated in detail, but are presumed to be approximately 5 %, 
and therefore the average error for the determination of the 
h istaminolytic p ower >0.12 y/ml/h can be estimated as being 
3.752 5!=, 7.3 o/^. 

According to a corresponding calculation for the values between 
0.014 and 0.12 y/ml/h an average error is obtained of approxi- 
mately, 16 %. 

As an example of the possibility in particular cases to determine 
the histaminolytic poAver with an error of only 2 — 4 %, I should 
lOce to give the following, Avhere two different plasma samples 
were examined three times each (table 5).^ 

Keeping blood tests etc. As soon as the blood tests had been 
taken from the cubital vein in a glass flask with a few drops of 

* 8.m greatly indebted to Dr L. Goldbebg, Pharmacological Department, 

^roiine Institute, for his valuable advice concerning the statistical treatment of 
the material. 

4:— 443902 
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2 % heparine solution they were immediately centrifugated and 
kept at 4- 4° C. The histaminolytic power does not change when 
keeping plasma fox some days under these conditions. The hista- 
minolytic power of serum is only slightly lower than that of plasma, 
which means that even if the tests had coagiilated in spite of the 
addition of the heparine, they permit of an approximate deter- 
mination of the histaminolytic power. The addition of heparine 
to serum does not change its histaminolytic pow'er. 

The histaminolytic pow’cr of whole blood is about half that of 
plasma. Slight hemomolysis in plasma does not bring about any 
change in the histaminolytic power. 


Some characteristics of the histaniinolytic principle. 

According to Zeller, Birkhauser, Mislix k AYekk (1939) 
as well as Werle & Eefkemaxn (1940 a) the histaminolytic power 
of the blood is to be attributed to the effect of histaminase or 
diamine oxidase, the former authors finding that serum mixed 
with cadaverine caused oxygen uptake, the latter that certain 
substances inhibiting the histaminase brought about an 
inhibition of the histaminolytic effect of the blood. In order 
further to illustrate the relation between this power of the 
blood and the histaminase I have carried out investigations 
on some of the physical properties. 

The histaminolytic po^Yer of plasma completely disappears 
when heated up to 73 or 74° C for minutes. If not heated to 
more than 69° or 70° C only about half of the activity is destroyed 
in the same time. If on the other hand plasma is kept at 37 °C 
for 24 hours its power to inactivate histamine is not reduced. 

The observations made seem to be in good agreement wdth 
earlier statements concerning histaminase (Best& McHenry, 
SwEDiN 1944), according to which heating up to 60° to 80° C 
causes inactivation of the enzyme. 

According to the investigations of Best & McHenry the acti- 
vity of their kidney poAvder histaminase had its optimum tem- 
peratme at 37° C. I have found that histamine in plasma is in- 
activated more quickly at a higher temperature than 37° C, 
for instance, by incubating a histamine — ^plasma mixture up 
to' 67.8° to .58° C for 24 minutes I could observe an 
inactivation of the histamine w’hich was twice or three times 
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Fig. 8. Histaminolytio power of plasma from pregnant w'omen (•) and placent 
extract (o) at different temperatures. 


Abscissa: incubation temperature. . 

Ordinate; histaminolytio activity expressed in per 


cent of that at 37° C. 


more rapid than at 37.0° to 37.5° C. Higher temperatures than 
68° 0 reduced the rate of the inactivation. When the temperature 
went under 37° C the rate was lower than at 37 C. ® 

a graphic registration of the inactivation rate at some 
temperatures expressed in % of the inactivation at • 

cases with a temperature of >37° C the incubation as no een 
followed for more than 36 minutes, at 37 C for 1 hour minu e 

and for <37° C np to 10 hours. , 

It is a well Icnown fact that many conditions, first and tore- 
most the degree of purity, affect the optimum tempera me 
enzymes. Thus the fact that a different optimal tempera ure i 
found in plasma from what Best & McHenry 
iiistaminase extract need not necessarily he inconsisten wi 
fact that the histamine inactivating principle of p asma is ma 

up of histaminase. + tt fi 8 8 

The optimal hydrogen ion concentration was a p • 
for Best & McHenry’s histaminase powder. wed 
rifled extracts the enzyme was rendered partia y mac 
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Fig. 9. Histaminolytic power of plasma from pregnant women at different pH. 

pH 5.6. lu an experiment with plasma samples diluted with 
phosphate buffer solution at different pH, I found approximately 
the same histamine inactivation between pH, 6.3 and 7.5. The 
reaction rate is reduced (fig. 9) with lower or higher pH values 
than these, and this seems to be in agreement with what earlier 
observers have found with regard to histaminase. 

The destruction of histamine and diamines by means of dif- 
ferent histaminase preparations proceeds in a somewhat diffe- 
rent maimer depending on how the preparation is produced. After 
a lag phase the inactivation begins with a rate which is at first 
high and afterwards decreases. Best h McHenry and McHenry 
& Gavin (1932) foimd under certain conditions a lag phase 
lasting for 5 hours, while Zeller (1938 a, b) and Kiese (I9i0) ob- 
served a latency of only a few minutes. Zeller, Schar h 
Staehlin (1939) could not show any lag phase with a phosphate 
buffer solution of dry acetone powder, the oxygen consumption 
beginning immediately after the substrate had been added. Nor 
did SwEDiN observe any lag phase with his purified preparation. 
Werle and EvEKEiLANN (1940 a) observed no lag phase either 
when investigating the histamine inactivating effect of blood. 

My investigations indicate (fig. 5 and 7) that the histamine 
inactivation of plasma begins practically immediately after the 
plasma has been mixed with the amine. 

Varying information exists, too, as regards the further course 
of the reaction. McHenry & Gavin (1932) and Zeller et al. 
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considered that they had established the fact that the destruc- 
tion takes place in the same manner as a monomolecular reac- 
tion, while Kiese often found a continually increasing rate du- 
ring the reaction. According to Zeller (1938 a), however, the 
reaction takes place with a constant rapidity until two oxygen 
atoms have been consumed per molecule substrate. With his 
preparation purified by means of electrophoresis Swedin found a 
constant rate of destruction. According to Werle & Effkemann 
the rate is constant throughout the course of the inactivation 
in the blood. As has previously been pointed out, I have found 
that the inactivation in plasma takes place with a gradually 
decreasing rate. 

The investigations which have been carried out on the hista- 
mine inactivating principle supjiort earlier observations as re- 
gards the existence of a histaminol 3 'tic enzyme in blood. Erom 
the earlier statement, however, it seems clear that at least two se- 
parate enzymes or systems of enzymes probably influence the 
inactivation of the histamine (Swedin 1944). It is evident from 
the experiments just alluded to by Zeller et al. that the compo- 
nent oxidatively* deaminating the side chain is to be found in 
serum, though no investigations have been carried out to illu- 
strate the existence of the factor in plasma which breaks the ring. 
Thus, further investigations are necessary to decide the ques- 
tion as to the nature of the histarainolytic principle of plasma. 



CHAPTER IV. 


The histainiiiolytic power of blootl 
in animals. 

Guinea-pigs. 

Investigations as to the histaminolytic power of guinea-pigs 
biood have akeady been carried out by Btjsson & Kirsch- 
BAUM (1912) and Yen &. Chang (1933) with negarive results. 
Marcou (1938) found that 4.5 y out of 30 y histamine phosphate 
were destroyed if incubated with 5 or 10 ml guinea-pigs blood 
for half an hour at 37° C. 

Based in principle on the same method as has been described 
on page 43, the author has investigated the histaminolytic power 
of guinea-pig blood. It had to be modified in some respecte, 
however, owing to the shortage of blood obtainable for the pur- 
pose. In those cases where repeated blood tests were taken on the 
same animal, blood was used instead of plasma. A quantity of 
7.5 ml phosphate buffer solution as well as 1.5 ml of a liistamine 
solution containing 3 y histamine per ml was added to 1.5 ml 
blood — taken by means of heart prmeture. Tests of 4 ml were 
precipitated with trichloracetic acid at the beginning of the 
incubation as well as 4 or 5 hours later, and they were then treated 
according to the modification of Code’s method, which has 
already been described (page 30), after which the histamine was 
estimated on the intestine of guinea-pig. In a few cases a test 
was also taken after 2 hours. The histaminolj’tic power was 
expressed in y of inactivated histamine base per ml blood and 
hour on the basis of the changes observed in the histamine of 
the samples. 

A report will now be given of the experience gained from a 
number of animals. When examining 8 male guinea-pigs, from 
which 18 tests were taken, I found a histaminolytic power cor- 
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Kg. 10. Histaminol 3 rtic power in guinea-pig blood during pregnancy. 

For explanations, see text! 

responding to 0.24 y/ml/h± 0.03 (max. 0.5, min. 0.0 y/ml/h). 
In 20 tests from 7 virginal animals a histaminolytic power was 
established of 0.08 y/ml/h. rir 0.03 (max. 0.2, min. 0.0 y/ml/b), 
and in 24 tests from the same animals taken after they bad be- 
come pregnant the results were 0.31 y/ml/h ± 0.02 (max. 0.8, 
mm. 0.0 y/ml/h). Tests of the histaminolytic power during 
various phases of the pregnancy were carried out on these 
annuals. The results of this investigation is to be seen in 
fig. 10, where the blood tests taken are averaged for every 
half month during the pregnancy. The figures are based on 5 
tests during the first half month, 7 during the second, 4 during 
the third and 8 during the last half month of the pregnancy. In 
9 tests taken within 2 weeks of parturition a mean histamino- 
lytic power of 0.11 y/mi/h was established. 

The investigations carried out show that under certain con- 
ditions there is a histamine destroying effect in guinea-pigs blood, 
and all males examined have shown this effect. I have found a 
striking difference: in the histaminolytic power in pregnant and 
non-pregnant animals. The virginal animals examined showed 
only a slight histaminolytic power, which increased during preg- 
nancy and reached a maximum after a month or so, where- 
upon the effect diminished somewhat towards the end of the 



66 


AXEL AHLJIARK. 


time. The variations observed during the course of the preg- 
nancy, however, are based on so few determinations that they 
can be only considered to give a rough estimation of the actual 
facts. After parturition the values seem to drop again in the 
direction of those observed in virginal animals. 

The difference shown in the histaminolytic power in males 
and females is statistically significant, though the investigations 
made do not allow of any more detailed particulars as to the 
degree. Zeller, Stern & Wenk (1939) have shown how the 
diamine oxidase of the kidney increases during the growth 
of the organism, and the difference might therefore only be 
due to the difference in the degree of development in males 
and females. All the animals examined, however, were from 
the same stock and were about the same age and weight, and 
therefore the difference observed must be attributed to the sex. 

The contradictory results obtained in the course of earlier in- 
vestigations of the histaminolytic power of guinea-pigs blood may 
possibly be attributed to the fact that different authors have 
not taken into consideration the importance of the sex — and in 
the case of females — pregnancy. 

Rats. 

Rose, Karady & Browtste (194:0), who studied the effect of 
the administration of histamine on the histaminase content in the 
various organs of rat, also examinedtheblood. A quantity of 800 y 
histamine was added to 10 ml oxalated blood, after which the 
mixture was incubated at 36° C for 16 hours and then treated 
according to a modification of Barsotjm’s & Gaddum's (1935) 
histamine determination method adopted by Code (1937). No 
destruction of the histamine could be proved by this method. 

The author examined the histaminolytic power in heparinised 
plasma from about 20 rats. The blood used was taken after the 
decapitation of the animals, and the examination was carried 
out as follows. A quantity of 3 ml plasma was incubated at 37° G 
with 16 ml of a solution containing 0.486 y histamine per ml in 
phosphate buffer solution. The histamine was determined in 3 
samples of 5 ml taken when the incubation was begun, after about 
1 hoTir and after about 6 hours. The histaminolytic power was 
expressed as the quantity of histamine base inactivated by 1 ml 
plasma per hour. 
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On examining the plasma from 2 males and 5 virginal rats 
no definite inactivation could be proved under the conditions 
prevailing, hut from 14 pregnant rats I found an average hista- 
minolytic power of 0,15 y/ml/h ± 0.02 (max. 0.29 y/m/ , ^n. 
0.06 y/ml/h). The individual values for 12 of these rats are given 

in table 12, page 94. 

The examination shows that plasma from pregnant rats in- 
activates histamine, whereas no inactivation could be prove 
from non-pregnant animals and males. Rose s, Kabady s & 
Browne’s (1940) negative results may probably be due to their 
not having examined blood from pregnant animals. 


Rabbits. 

Yen and Chang (1933) found that a quantity of between ca. 

3 and 30 ml rabbits blood is required to inactivate ca. 0.6 mg 
histamine phosphate in 24 hours. Marcou (1938), however, cou 
not establish any histaminolytic power of rabbits blood. Werle 
& Effkemann (1942) examined blood from non-pregnant an 
pregnant rabbits; they found no inactivation of 9 y histamine 
incubated with 3 ml blood or serum for l^/s hours. 

I have examined the histaminolytic power of plasma from 
rabbits. Blood was taken by means of a heart puncture wit a 
syringe containing about one drop of 2 % heparine solution. 
The tests were carried out in the following manner, a quantity o 
4.5 ml phosphate buffer solution and 0.45 ml histamine so ution 
containing 30.4 y/ml was added to 4.5 ml plasma. The mmture 
was incubated for 5 or 6 hours at 37° C. Samples of 3 m were 
examined according to the method described on page 30 imme 
diately after the histamine had been added as well as a ter a on 
3 hours and also at the end of the incubation. The histamin 
lytic power was calculated on the basis of the decrease P 
histamine observed in the plasma and expressed as y inactiva 
histamine base per ml and hour. 

An examination of 6 plasma samples from 5 ^ 

showed an average histaminolytic power of 0.29 y/m/ ± 
(max. 0.38 y/ml/h, min. 0.21 y/nil/h). In 7 plasma samples irom 
5 virginal rabbits I found an average histaminolytic power o 
0.21 y/ml/h±0.02 {max. 0.27 y/ml/h, min. 0.07 y/ml/h) and m 
8 plasma samples from 3 pregnant animals taken a v 
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stages of pregnancy — I found 0.19 y/ml/li i 0.04 {max. 
0.31 y/ml/h, min. 0.00 y/ml/h). 

The investigations showed that plasma from rahbit is able 
to inactivate histamine. It lias not been po.ssiblc to show any 
definite difference in this plasma power from male and female 
rabbits, nor have I been able to observe that it undergoes any 
change during pregnancy. 

The results confirm Yen’s &. Chang’s investigations. The 
fact that Werle & Eefkemann and Marcou have observed 
no histaminolytic power in rabbit blood may possibly be due to 
their having incubated their preparations- for so short a time 
(E/s hr and Vs f'i'c inactivation was not sufficient to 

make itself apparent. 


Cattle and other animals. 

Earlier investigations have been carried out by AVeree 
Eefkemann (1942) according to their method referred to on page 
18. They found in scrum from cows a constant histaminolytic 
effect, which they considered to be equally great both in preg- 
nant and in non-pregnant animals. 

Table 0. 

The hisiaminohjiic power of plasma from caitle. The blood from the 
first four anmals taken at time of slaugihcr, others by venesection. 


Sex 


r/ral/h i 

1 

Bull 


1.0 ■ 



l.G ! 

Cow 

non pregnant 

1.3 

J) 

n » 

1.3 

» 

h 

1.1 

i> 

4 months after covering 

l.G 


7 » ft ft 

1.1) 

» 

10 ft * ft 

2.0 


With the method adopted for man I have examined the 
blood from 2 bulls and 6 cows, three of which were pregnant. 
The results of these investigations are to be found in table 
6, from which it v;ill be seen that there is a considerable hista- 
minolytic power in plasma from both bulls and cows. It cannot 
be definitely stated with these investigations whether there is 
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any increased enzyme actmty during the pregnancy, but it can- 
not be entirely excluded. This conclusion is in no way contradic- 
tory to the results referred to by ‘Werle & Effkemann. When 
examining the results of these authors^ investigations more close- 
ly, we see a similar tendency to a slight increase among the 
pregnant animals. Further investigations, however, are neces- 
sary in order to be able to decide this question. 

Occasional blood tests have been taken from other large do- 
mestic animals at the slaughter. The tests have then been examined 
according to the method adopted for humans. 

Thus two experiments have been carried out with plasma 
from a horse (castrated male). In one case the histaminolytic 
power corresponded to 0.3 y/ml/h, in the other it was somewhat 
greater than 0.2 y/ml/h. The histaminolytic power in a ram and 
a ewe was 1.1 and 1.0 y/ml/h respectively. A plasma test from a 
non-pregnant sow showed a somewhat higher value than 3y/ml/h. 

Werle & Efpkesiann (1942) have found an average inac- 
tivation in normal and pregnant horses of 0,5 to 1.0 y of hista- 
mine dihydrochloride per 3 ml serum during P/s hours, which 
is of the same magnitude as my results. Furthermore these authors 
found that hog serum inactivated 2.0 — 2.5 y under the same 
conditions, which is somewhat less than my value. 

In the serum from a non-pregnant cat I could not observe 
any histaminolytic power, though from a pregnant cat I found 
a histaminolytic power corresponding to about 0.004 y/ml/h. 


These investigations were intended to form an introduction 
to the physiology of the histaminolytic power of blood in some 
animals with special reference to pregnancy. If the results are 
summed up, it will be seen that the males and non-pregnant 
females from all the animal species examined show signs of hista- 
minolytic power with the excejition of the rat. An increase of 
this power has been established in rat and guinea-pig during 
pregnancy. 

Although the absolute values of the histaminolytic power are 
not directly comparable owing to the various methods used when 
carrying out the investigations, it may nevertheless be said that 
cattle, sheep and hog show a considerably stronger effect t an 
guinea-pig, rabbit and horse. 



CHAPTER V. 


The histaminolytic power of plasma in man. 

A. Men and non*pregnant women. 

The following method was adopted when examining the hista- 
minolytic power in men and non-pregnant women. A quantity 
of 0.6 y histamine was added to each ml of plasma, after which 
the remaining quantity of histamine was determined after in- 
cubation for 22 hours at 37° C. For the sake of control 4 plasma 
samples taken immediately after the histamine had been added 
were examined as a rule, and after 22 hours another 4 samples 
were usually examined. All the 8 tests were treated according 
to the method described on p. 30, and then the histamine deter- 
mination was carried out on intestine about 6 times per sample. 
The difference in the histamine content at the beginning and the 
end of the incubation was then calculated and the histaminolytic 
poAver expressed in the manner already stated. 

An examination of 11 tests from 7 healthy men showed an 
average of 0.006 y/ml/h.^ 0.001, {a = 0.004, max. 0.016 y/ml/h, 
min. 0.002 y/ml/h).^ 

An examination of 25 separate blood tests from 13 healthy 
nompregnant women showed an average histaminolytic power 
of 0.005 y/ml/h ± 0.0006 (a = 0.003, max. 0.015 y/ml/h, min. 
0.002 y/ml/h).® 

This histamine cleavage in men and non-pregnant women is of 
such a loAv magnitude that it requires a particular analysis. The 
question that first arises is whether an inactivation of such a 

' Test subjects, 20 — 35 years of age, have been medical students and col- 
leagues. 

- Test subjects, 20 to 40 years of age, have been medical students, assistants 
at the Pharmacological Laboratory of the Caroline Institute and at the De- 
partment of Industrial Hygiene of the State Institute for Public Health as 
well as personal friends. 
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Fig. 11. Bacterial inactivation of histamine in m/15 phosphate buffer solution 

at different pH. 

A: Initial cone, of histamine = 6 • = incubation for 12 hours. O = incu- 

bation for 17 hours. 

B: Initial cone, of histamine = O.G y/'mi. Incubated 40 hours. 

degree can be wholly explained by a spontaneous decomposition 
of histamine at the temperature used. In order to test this the 
following experiment was carried out. 

A sterile histamine solution Avas added to Tyrode’s solution 
under sterile precautions. Half of the histamine solution Avas 
kept at -f 4° C, half at 37° 0 for 22 hours. After this time the 
remaining amine was determined on guinea-pig intestine. In the 
test kept at -}- 4° 0 there was foimd 0.620y ^0.010 and in the 
37° C one there was 0.612y ± 0.010. The difference observed, 0.008 
i 0.014, is not statistically significant, and shows that a pos- 
sible spontaneous inactivation of histamine under the specified 
conditions is not of such a magnitude that it makes itself appa- 
rent even with a very accurate biological determination. 

Next it seemed to be necessary to examine Avhether the hista- 
mine inactivation observed might be caused by bacteria, since 
it has been known for a long time that histamine does not keep 
in solutions infected Avith bacteria. Werle (1940 b, 1941) as well 
as Bucherer & Enders (1942) have found inter alia that bact. 
fluorescens, pyocyaneum, coli and proteus have histaminolytic 
effect. In order to illustrate this question of bacterial inactiva- 
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tion I have examined the inactivation of histamine in a water 
solution containing inter alia bact. pyocyaneus and coli. It 
proved that this was most strongly pronounced at pH 5 (fig. 

IIA) . The histaminolytic effect decreased rapidly at pH 6.6 (fis. 

IIB) . 

All the glassware used for the examination of the hista- 
minolytic power of the plasma was most carefully cleaned and 
dried as a rule in a temperature of *10 to 60° C for a couple of 
hours but thev were not actually sterilised. There was, however, 
no reason to assume that there was any great bacterial impurity 
in the preparations, and I have not closely analysed the question 
of the bacterial histamine inactivation in my tests. 

In 7 tests from men and non-pregnant women I found that 
the inactivation was only about half as great after adding octyl 
alcohol or toluol. 'Whether this decrease in the inactivation can 
be attributed to the ability of the chenncal agents to check the 
growth of the histaminohdic bacteria, or whether the chemicals 
have a destructive effect on the histamine inactivating enzyme 
to be found in plasma and thus decrease the cleavage of the 
histamine, I have not investigated. I must therefore leave the 
question open for the present as to whether and to what extent 
the histaminolytic power observed from men and non-pregnant 
women is to be attributed to the effect of bacteria or to that of 
a histaminolytic enz^une or to both. 

It is quite another thing when examining blood with a stronger 
histaminolytic power, there being a far stronger inactivation in 
a considerablj' shorter time of incubation. If any of the hista- 
minohdic power in non-pregnant subjects should be caused by 
the effect of bacteria, the relative increase in tliis power observed 
in pregnant women (see page 66) will thus be of a still greater 
magnitude than that described. The part played by bacteria in 
producing the strong histaminolytic power observed in pregnant 
women seems to be of no importance.^ 

* In 12 tests taken from •women ■with lues I or II, I have found an avera^ce hista- 
minolj-tic power of O.OOS 'tjtsHlh, ±, 0.001 {i = O.OOt, max. 0.015 t/ml/h, min. 
0,002 7 /ml/h), in 3 -women -with asthma bronchialc 0.007, 0.010 and 0.011 7 /ml/h. 
These values may possibly be regarded as significant of an increased histamino- 
lytic power in these dise.ases; a more detailed analysis of this is planned. In 
3 cases of peptic nicer, in 2 eases of nephritis and in 1 case of acanthosis nigri- 
cans I have foimd entireb' normal values. Tor blood tests from luctici I am in- 
debted to Dr. B. Tabras-Wjlhxbebg, Chief of the Department for Skin and Ve- 
nereal Diseases at St. Goran’s Hospital, and for the other blood tests from 
pathological cases to Professor H. Behgltod, Chief of Medical Department IV, St. 
Erik’s Hospital. 
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B. Pregnancy and Pnerperinm. 

Healtliy subjects. 

As lias been already mentioned a number of authors have 
studied the- histaminolytic power of the blood during pregnancy. 
Marcou et al. (1938) . were the first to give information about 
a strong histaminolytic effect in the blood from pregnant women. 
They observed that it was particularly noticeable immediately 
before parturition, when according to their method the histamino- 
lytic power rose to about three times as much as was to be ob- 
served in non-pregnant subjects. As an example of the variation 
among pregnant women the authors indicated that the histamino- 
lytic effect could vary from an inactivation of 60 to 95 % of added 
histamine. 

After re-examuiing the results of hlARCOu et al. Werle & 
Effkemann (1940 a) found that already in the third month of 
pregnancy the histaminolytic effect was 372 times greater than 
normally. During the sixth and seventh months the enzyme 
effect had reached its climax — it corresponded then to between 
20 and 25 times. the normal — and after this period it sank slowly 
to about 2/3 of maximum values. After parturition the histamino- 
lytic effect of the blood disappeared rapidly, after only nine 
days there was nothing to be found. The authors’ cases given in 
tabular form show that the values of different pregnant sub- 
jects during one and the same month vary considerably. 

Using the Warburg method Zeller & Birkhauser (1940) 
showed an increase in the diamine oxidase activity during preg- 
nancy that was twenty times as great or even more as com- 
pared with the normal. From extensive clinic material Labhardt 
found the oxygen uptake to exceed the values observed in non- 
pregnant women by at least 25 % from the fourth month. In 
several cases, however, the author found such values as early as 
in the second month of pregnancy. The diamine oxidase dimin- 
ishes in the blood during the actual parturition and only six 
days after the confinement there is not much more than is the 
case in non-pregnant subjects. 

In a later work Zeller (1941 e) related the enzyme effect to 
the months, of pregnancy and found that the oxygen consump- 
tion rose from the third to the seventh month, then reaching 
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values about 20 times greater than the normal. During the 8th 
and 9th months the enzyme effect is somewhat weaker, and during 
the last it rises again to the values of the seventh month. At 
parturition the enzyme effect sinks somewhat, and by the fourth 
day it is again at a normal level. 

Zelleb (1941 e) found an increased quantity of enzyme in the 
blood from the third to the seventh months of pregnancy by 
means of the indigo disulphonate reaction. During the seventh 
month the activity sank to rise again during the tenth. At the 
time of parturition the values were somewhat lower. The de- 
crease then continued rapidly, and by the fourth day after par- 
turition no definite increase in the values could be observed. 
The author pointed out, that the discoloration of the indigo 
disulphonate in different sera is in proportion to the oxygen 
consumption which he registered at the same time. 

By means of their modified indigo sulphonate method Neu- 
mann & Ebbinge (1942) found that serum from non-pregnant 
women in very exceptional cases discoloured indigo sulphonate. 
They found, however, that in certain cases pregnant subjects 
cause a decided discoloration already in the second month, but 
at the same time they say that they have obtained uncertain 
reactions even in the fifth. Out of 32 women examined in the 
second to the fifth months, 5 showed negative or doubtful reac- 
tions. During the latter half of pregnancy, hoAvever, only 
4 out of 90 showed no positive reaction. The authors' reaction 
was not quantitative. It was negative on the second daj’ after 
parturition or earlier. Only in one case did they find a positive 
reaction on the nineteenth day after parturition. 

With the determination method by means of ammonia for- 
mation Zeller (1940 b, 1941 c) found that there was an in- 
crease at least 60 — 60 times during pregnancy. 

If the results of the experience gained as to the histaminolytic 
power of the blood during pregnancy be summed up, we shall 
find that it seems to rise above the value occasionally observed 
in non-pregnant subjects during the second, third or fourth months 
of the pregnancy and that the enzyme effect subsequently rises 
to its maximum during the fifth to seventh months. During this 
period the enzyme effect seems to rise 30 — 50 times the level 
observed in non-pregnant women. After this it sinks, once again 
to reach a possible maximum during the last month. At the 



STUDIES ON THE inSTAMINOIA'TIC POWER OF PLASMA. 



Pig. 12. Histaminolji^io power of plasma from ca. 45 healthy pregnant women. 

Abscissa; months of pregnancy calculated from first day of last menstruation. 
Ordinate; histaminolytic power expressed in f inactivated histamine per ml 
plasma per hour. 

time of parturition a decrease seems to take place in the enzyme 
effect, which 2 — 6 days after the confinement does not seem to 
he higher than normal. 

As has been earlier pointed out the investigations of the hist- 
aminolytic power of the blood have been carried out under ex- 
5 — 443002 
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tremely varying conditions, vhicli may explain the different re- 
sults. It is furthermore stated that the investigations do not give 
any sufficiently accurate conception of the physiological variation 
of the histaminolytic principle in pregnant women. 


Own results. 

I have examined the histaminolytic power of the blood in healthy 
pregnant women according to the method above described (page 
43). The test subjects, from 20 to 40 years of age, were healthy 
people under control at the Mothers’ ’Welfare Centre, St. Erik’s 
Hospital, and at the National Organization for Sexual Enlighten- 
ment, staff members of the Stockholms Sjukhem and of the 
Pharmacological Laboratory, Stockholm and personal friends. 

In this chapter we shall look more closely into the histaraino- 
lytic power during various periods of pregnancy, but I should 
first lilce to give a complete picture of the variations of this 
power during the whole period of pregnancy. Pig. 12 shows the 
majority of the blood analyses made from healthy pregnant sub- 
jects, ca. 200 tests from ca. 45 subjects. As will be seen in fig. 12 the 
histaminolytic power — as it is expressed in this work — in 
women during different phases of pregnancy may rise to over 
1,000 times. In order to be able to give a surveyable picture 
of the enzyme activity during the whole course of the preg- 
nancy on one single curve a logarithmic scale has been adopted 
for the histaminolytic power. 

The characteristic variations in the activity of the histamino- 
lytic power will now be analysed more closely. 


The histaminolytic power during the first four months 

of pregnancy. 

On an average I have found a histaminolytic power going 
up to 0.005 y/ml/h in non-pregnant women. It is difficult to 
say when the increase actually begins to take place, but in three 
tests from subjects in the fifth week of pregnancy I have found 
values of 0,002, 0,004 and 0,008 y/ml/h, and in three tests from 
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Fig. 13. Histaminolytic power of plasma from 7th to 16th week of pregnancy' 

in nine healthy women.^ 

Abscissa: weeks of pregnancy calculated from first day of last menstruation. 
Ordinate: histaminolytic power. 


the sixth 0,001, 0,013 and 0,015 y/ml/h. The values obtained 
indicate the likelihood of there being an increased histaminolytic 
power during the sixth week, but the material at my disposal 
is too little to establish this. It is not until the seventh week 
that a definite increase is obvious. In 8 plasma tests taken from 
this week I have found an average histaminolytic power of 0.010 
y/ml/h (max. 0.019, min. 0.006 y/ml/h). 

During the seventh to the sixteenth week I have followed 
the histaminolytic power of plasma by taking repeated tests 
from nine healthy women, and the results are to be found 

^ Reading the proof the author wishes to add the two following cases. G 140: 
73rd day of pregnancy == 0.30 j'/ml/h, 78th day = 0.44 y/ml/h. Case G 141: 
86th day = 0.32 y/ml/h, 93rd day ^ 0.54 y/ml/h. These cases further confirm 
the conclusions in the text concerning the accuracy with which pregnancy can be 
calculated by means of the determination of the histaminolytic power in plasma. 
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in fig. 13. From tins it will be seen that an increase takes place 
from ca. 0.01 to ca. 1.5 y/ml/h of this power during this period. 
During the ninth to the eleventh week there is a daily average 
increase of between 10 — 15 %, and as I have determined the 
histaminolytic power in this work with an accuracy of ca. 7 %, 
it should be possible to observe the increase from day to day. 

In order to prove the correctness of this hypothesis I have 
examined the histaminolytic power of blood from four healthy 
subjects for two consecutive days. The blood tests were taken 
during the ninth to the twelfth week of pregnancy, and the re- 
sults are recorded in table 7. There is also a graphic registration 
of all the cases in fig. 13. 


Table 7. 


Increase in hislaminohjlic poivcr of plasma from one day to the other 
estimated on 4 women during third and fourth months of pregnancy. 


Case 

Day of 
pregnancy 

Histamin- 
olvtio power 
■ Y/ml/h 

Day of 
pregnancy 

Hislamino- 
lylic power 
Y/ml<h 

Increase 

0/ 

/o 

G 132 

69 

0.131 

60 

0.I3C 

4 

G 135 

73 

0.188 

74 

0.237 

26 

G 134 

73 

0.218 

74 

0.237 

9 

G 136 

78 

0.323 

79 

0.354 

10 


As will be seen from the values in table 7. all the cases show 
an increase in the histaminolytic power from one day to the next, 
the average being 12 %, and therefore these observations seem 
in good agreement with what was to be expected. The variation 
in the values is to be explained by the errors of the method as 
well as by the indmdual variations. 

Fig. 13 also shows that the values for the histaminolytic power 
in different women seem to be well related to the time of pregnan- 
cy. For instance, a value of 0.18 y/ml/h seems only to be found in 
women between the 63rd and 75th days after the first day of the 
last menstruation, and from this it is clear that from about the 8th 
to the 13th week of pregnancy it is possible with the help of the 
histaminolytic power of plasma to establish w'ith great accuracy 
how far the pregnancy has proceeded in a healthy subject. 
Judging by the material so far obtained, it seems that on the 
basis of the knowledge of the histaminolytic power in a liealthy 
subject it is possible to determine in what week of pregnancy she 
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is as near as to witliin about 6 days in two cases out of three 
(calculated from the values in' figs. 12 and 13). 

Fig. 13 shows still further that the increase in the histamino- 
lytic power during the third and fourth months proceeds with 
a strikingly constant percental rate in all women, and this seems 
to be the case whether the initial increase begins early or late. 
Thus we find that the curves for both G 132 and G 28 run 
fairly parallel in spite of the fact that in the eighth week G 132 
had a histaminolytic power which was about 4 times greater 
than G 28. 


The liistaminolytic power during tlie last six months 

of pregnancy. 

During the time after the fourth month and up to parturition 
we find according to fig. 12 a maximum of histaminolytic power 
in the 6th — 7th months, after which the effect decreases some- 
what to rise again during the last month of pregnancy. In the 
individual curves from four healthy pregnant subjects shown in 
fig. 14 there are also tendencies to maxima and minima. Thus 
case G 131 shows a pronoimced maximum in the 22nd week of 
pregnancy, after which the histaminolytic power gradually de- 
creases. In this case, however, I have not been able to observe 
any rise towards the end of the pregnancy. In case G 32 there 
seems to be a slightly pronounced maximum in the sixth month, 
a minimum in the eighth and subsequently increased values. 

Cases G 132 and G 47 are of particular interest. I was able 
to follow the plasma values of the former during two succes- 
sive pregnancies. The values from the first are indicated by 
means of circles (o) in the figure, those from the second by dots 
(•). After the figure had been handed in for printing I re- 
ceived yet another value, 2.9 y/ml/h in the 39th week of preg- 
nancy of the latter. This value, like that indicated in the curve 
at the end of the 36th week, is practically on the same level as 
those from the former pregnancy. The question now arises 
whether this agreement in histaminolytic power during two 
pregnancies is a regular occurrence or whether it is simply 
chance that has caused it. I have not carried out any more in- 
vestigations from different pregnancies from one and the same 
Woman, and I am therefore not in a position to decide this 
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Kg. 14. Histaminolytic power of plasma in 4 healthy women. 

G 132: o indicates values from an earlier pregnancy (see text!). 

G 47: Tliis woman had no menstruation for 8 months previous to beginning 
of pregnancy. In this case confinement was assumed to take place in 40th week. 
Absoissa: months of pregnancy caloulatcd from first day of last menstruation. 
Ordinate: histaminolytic power. 
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question, wliick nevertlieless seems to be of such interest that 
it warrants further investigation. 

Case G 47 had had no menstruation for 8 months previous to 
becoming pregnant. Parturition had to be reckoned as taking 
place at the end of the 40th week. In this case, too, we find 
a curve completely coinciding with those seen in other pregnan- 
cies with a slightly pronounced maximum in the 6th — 7th month. 
The last value taken on this subject before parUrrition indicated 
a slight increase of the lustaminolytic power. 

Fig. 14 will also serve as the illustration of the ordinary, 
continual change in the histaminol 5 d;ic power of a healthy woman 
when repeated investigations are made, without there being any 
other occasional fluctuations than those which are due to errors 
in the method of determination. 

Figs. 12 and 14 show the values which the histaminolytic 
power arrives at in plasma in different pregnant subjects. 
A histaminolytic power of ca. 3 y/ml/h may be said to indicate 
a mean value of the plasma tests taken after the enzyme effect 
has reached its climax. I have not observed any value less than 
1.6 or greater than 6.0 y/ml/h in any healthy pregnant woman 
after the 22nd week up to the time when the labour pains begin. 


Parturition. 

In order to illustrate the relation of the histaminolytic power 
during the confinement I have carried out the following investig- 
ations. In a healthy woman, "who during the last two months of 
pregnancy has had values varying between 3.7 and 4.6 y/ml/h, 
a blood test taken immediately after the spontaneous rupture 
of the membranes showed a value of 3.5 y/ml/h. In this case 
the rupture was the first sign observed of the confinement having 
begun. Another woman during the last two months of pregnancy 
had sho^vn a histaminolytic power varying between 2.6 and 2.7 
y/ml/h. She felt slight pains for a couple of days before the real 
pains began. The rupture of the membranes then took place within 
IVi hrs and the confinement within about 3^2 hrs. A blood 
test was taken immediately after the rupture and showed 3.2 
y/ml/h. In the case of a third woman two tests were taken 7 and 
11 hours after the pains had begun. When the first test was 
taken the pains were only slight, at the time of the latter they 
were bad. The histaminolytic power was 4.7 and 4.3 y/ml/h 
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respectively. Parturition took place ca. 3 hours after the lajt 
test. In one case of premature parturition values of 9,1 and 
9.3 yjinljh were observed in two tests taken at intervals of 5 
hours during slight pains. 

The above examples show that the pains do not produce any 
uniform change in the histaminolytic power of the plasma. In 
the first case a slight decrease was observed, in the second a 
slight increase after the pains had begun. In the cases of the 
third and fourth women there was no definite change in the 
histaminolytic power during the labour pain.s. Although these 
examples cannot be said to be sufficient to demonstrate the ques- 
tion as to Avhether the labour pains influence the histaminolytic 
power of blood in healthy subjects, it seems as though the con- 
clusion may nevertheless be drawn that even if the pains cause 
certain changes, these arc not particularly significant in any case. 

It only seems possible to penetrate this question more thoroughly 
with a method that will allow of a determination of the histami- 
nolytic power in capillary blood, it being difficult to take 
repeated venous blood tests during a confinement. 


Puerporiuin. 

According to what has already been observed the histamino- 
lytic power of the blood sinks rapidly after parturition. Differ- 
ent authors have, however, given extremely divergent results 
and I have devoted my attention to the rate with which 
the enzyme effect disappears from the blood. 

I have taken venous blood tests from some women both a few 
hours before and a few hours after parturition, and have found 
that the histaminolytic power is generally greater after than be- 
fore. Table 8 shows some experiments, and from this it will be 
seen that the increase in the histaminolytic power can go up 
to nearly 60 %, though the average remains roimd about 30 %*, 
in one case no increase was observed in the enzyme effect. After 
this initial increase, however, the histaminolytic power decreases 
rapidly. Fig. 16 shows a graph of this; the histaminolytic power 
reaches the values for non-pregnant women during the third 
week. FTo increased value has been observed in healthy sub- 
jects after the 14th day. 
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Fig. 15. Decrease of liistaminolytic power of plasma af'«r parturition. 

Ordinate: liistaminolytic power, 

Abscissa: days after parturition. 


Studying fig, 16 more closely we find that the rate of the 
decrease during the first few days after parturition is almost 
the same in the case of all women. This seems to imply as 
the curve is logarithmic — that the histaminolytic power decreas- 
es with a constant fraction for the time-unit. In order to illustrate 
this more closely I have assumed that the decrease in the hista- 
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Table 8. 


Histaminohjtic poiver of plasma before and after parturition. 


■{■I 

Before parturition 

After partvirition 

Difference j 

Case 


Histamino- 


Histamino- 



Hours before 

lytio power 

Hours after 

lytic power 

Y/ml/li 

0/ 


paTtxirition 

of plasma 

parturition 

of plasma 

/o 


Y/ml/h 


Y/ml/h 



G59 

3 

3.2 

2 

3.8 

-i- O.G 

-f 19 

G72 

ca. 48 

0.8 

3 

8.0 

-f 2.2 

-i-38 

G76 

4 

5.3 

2 

G.7 

-i- 1.1 

-i-26 

G78 

2 

3.8 

4 

G.o 

J- 2 2 

-f- 58 

G81 

3 

2.1 

2 

2.1 

0 

0 


minolytic power takes place as a monomolecular reaction accord- 
ing to the formula 


where t = time, = the original amount of histaminol}i;ic pow- 
er expressed in y/ml/li and = the aniount subsequently re- 
maining. In table 9 the values of the liistaminolytic power and 
the factor k are indicated. Tlie values given for k support 
the hypothesis referred to, though the material at my disposal 
is too little to definitely establish it. The fact that in certain 
blood samples has been determined before, in others im- 
mediately after parturition and that the time for all the tests 
has not been taken more accurately than to within half a day 

Table 9. 


Decrease in histaminohjtic power of plasma during first 3 — 6 days after 

1 C 

parturition, h ~ — log sec text, 
t 


Case 

Co 

Histaminolytic 
power at parturi- 
tion Y/iul/h 

Ct 

Histaminolytic 
power at time t 
after parturition 
Y/ml/h 

t 

time, clays 

k 

G 61 

4.7 


3 

0.2G 

G 65 

l.G 

0.13 

4 

0.27 

G 59 

3.5 


4 

0.2G 

G 78 

6.0 


4 

0.25 

G 76 

6.7 


4 

0.25 

G 81 

2.1 


5 

0.30 

G 32 

3.2 

0.091 

6 

0.2G 
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must natuially influence th.e size of the constant. No con- 
sideration, however, has been taken to this when establishing k. 
According to the values obtained for k — 0.25 to 0.30 — a daily 
decrease of 44—50 % takes place in the histaminolytic power 
of the blood during the first six days after parturition. 

In four cases, when caesarean operations interrupted the preg- 
nancy at the end of the fifth month, I found about the same 
percental decrease in the histaminolytic power during the first 
week after the operation.^ 


Imrainent abortions, extra-uterine pregnancy. 

Investigations of the histaminolytic power of the blood and 
the diamine oxidase content in abortion were carried out by 
Effkbmakk & Werle (1940 b) and Labhardt (1941, a, b). The 
former authors found that cases of imminent, incipient and 
incomplete abortions during the first to the fourth months of 
pregnancy showed as against normal pregnancies decreased hist- 
aminase equivalents in defibrinated blood. In serum the hist- 
aminase equivalents in the abortion cases were somewhat lower 
in relation to the normal than was the case with defibrinated 
blood. Labhardt found in 9 abortions about the same values 
as in healthy pregnant women. After the foetus had been ex- 
pelled, the diamine oxidase content sank in 24 hours to the level 
observed for non-pregnant subjects. 

In view of the conflicting results of the earlier investigations 
I have carried out some investigations on women with uterine 
bleedings during the first half of their pregnancies. 

The women examined have been patients at the Obstetrical De- 
partment, St. Erik’s Hospital, Stockholm, or have received medi- 
cal care at the Mothers’ Welfare Centre at St. Erik’s Hospital, 
Stockholm.^ 

Case G 64 (fig. 16) had been well during the earlier part of the 
pregnancy, but on the 103rd day after the first day of the last 
menstruation there was severe bleeding. On examining the hista- 
minolytic power in a plasma test taken during the morning of 

cases have been treated at the G3mecologieaI- Obstetrical Clinic, Caro- 

^ Stockholm, to 'whose chief. Prof. A. Westmak, I am indebted for 

ais^navmg placed the cases at my disposal. 

T) * £ greatly indebted to Dr. S. Cr.ASON, Senior Physician of the clinic and 
r. malentik for rendering valuable assistance and advice. 




Kg. 16. Histaminolytic power of plasma in four cases of abortion. 

Thin curved lines indicate limits within which are to be found ca. 19 of 20 
values from healthy women. 

Stems on base line indicate approximate uterine bleedings. 

Z + Aschheim’s-Zondek’s reaction positiv. 

Z? = » » » dubitative. 

ab. = abortion. 

Ordinate: histaminolytic power, y/ml/h. 

Abscissa: months of pregnancy. 
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the same day I found 0.49 y/ml/h. Healtliy women normally 
show about 1,3 y/ml/b at this time of pregnancy. During the 
evening a defective egg was expelled. Further examinations of 
the plasma during the two following weeks showed a rapid 

decrease in the values. ' _ 

Case G 61 (fig- 16). A woman, who had been well during the 
first part of the pregnancy got a fairly had bleeding which lasted 
for 10 days during the second month. After this there were slight 
bleedings on and off during the following month, at the end of 
which time the histaminolytic power of the plasma was 0,18 
y/ml/h, or about one fourth of what is to be expected in normal 
pregnancy. Within the course of tw’O w-eeks the histaminolytic 
power sank considerably, and during this time the subject had 
a bleeding resembling an ordinary menstruation. 

Case 6 74 (fig. 16). At the end of the sixth and at the beginning 
of the seventh week of pregnancy a previously healthy woman had a 
fairly bad bleeding and was given progestine treatment. At 
the beginning of the eleventh week, how'over, there wms another 
bleeding which grew less during the course of about a weelc. 
At the end of the eleventh week the histaminolytic power was 0.14 
y/ml/h. The normal value at that time is about 0.35 y/ml/h. 
At the beginning of the 15th week a defective egg was expelled, 
and on the folloAving day a considerable decrease was observed 
in the histaminolytic pow'er (0.05 y/ml/h). 

Case G 127 (see fig. 16). During the eighth week of pregnancy 
a healthy woman had a slight bleeding; there was another in the 
middle of the sixteenth week, whicii gradually increased. On 
this latter occasion the size of the uterus corresponded to what 
it usually is in the third to fourth month. The patient underwent 
anti-ahortive treatment at the hospital with daily injections 
of progestine and this was continued tmtil the end of the 
seventeenth week. The histaminolytic power of the pilasma at 
the end of the sixteenth week was 0.20 y/ml/h (as against the 
normal 1.7 y/ml/h at tliis time) and then sanlc to 0.07 y/ml/h 
at the end of the seventeenth and continued to fall still further. 

0 bleedings ceased in the eighteenth week, without any 

parts of foetus being observed, and the uterus diminished 
m size. 

In all the four cases described there have been uterine bleedings 
lot short or long periods, which have resulted in abortion. The 
values of the histaminolytic power have been considerably below 
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the normal, and have sunk still more as the bleedings have be- 
come less. 

In Case G- 64 immediately before the abortion took place a 
value was observed which was only one third of what was ex- 
pected. In case G 74 there was a probable decrease in the hista- 
minolytic power ere the abortion took place. Thus in both these 
cases it may be said that the histaminolytic power was ominous 
of a serious disturbance in the normal conditions. In cases G 61 
and G 127 it has not been possible to establish the exact time for 
the expulsion of the egg. In consideration of the usual clinical 
observations case G 127 was not considered a definitely bad prog- 
nosis and received anti-abortive treatment. Even before it had 
been definitely established by the cbnical examination that preg- 
nancy had ceased, the histaminolytic power showed a strong 
decrease. It is probable that such a strong decrease in the hista- 
minolytic power as was observed in this case is inconsistent 
with a survival of the egg. Thus this case seems to show that the 
knowledge of the histaminolytic power of plasma might contri- 
bute to a more accurate indication for the anti-abortive treat- 
ment. 

In contrast to the four cases of uterine bleedings which ended 
unsatisfactorily, I should like to call attention to the following, 
when abortion did not take place. 

Case G 66, (fig. 17). At the end of the third month of pregnancy 
this subject had a fairly severe bleeding which lasted for some 
days and which began though less severely at the beginning of 
the fourth month. The patient was put to bed at the hospital 
and treated with progestine. The histanoinolytic power of the 
plasma showed normal values in both cases as well as a normal 
increase. No further bleedings occurred, and parturition took place 
at the end of the 40th week when a fully developed child was 
born. 

Case G 49 (fig. 17), During the middle of the twelfth week 
this woman began to have bleedings, which continued on and 
off until the seventeenth week. The case became more compli- 
cated towards the end of the pregnancy owing to albuminuria. 
In the 41st week the patient gave birth to a fully developed 
child. The histaminolytic power of the plasma during the bleeding 
showed values within the limits of what can be considered nor- 
mal, though the course of the curve has an appearance deviating 
somewhat from the normal. Eor instance we find that the values 
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Fig. 17. Histaminolytic power in cases of imminent abortion with good prognosis. 

Stems on base line indicate approadmat© nterine bleedings. 

Thin curved lines indicate limits within which are to be found ca. 19 of 
20 values from healthy pregnant women. 

Case 6 49 at the end of pregnancy complicated by albuminuria, see p. 85, 
Ordinate: histaminolytic power, y/ml/h. 

Abscissa: months of pregnancy. 


taken in tke twelftk — fonrteentli and the sixteenth — eighteenth 
•weeks do not show such a strong increase in the histaminolytic 
po'wer as is normally the case. This slower increase in the hista- 
minolytic power had already made itself apparent before the 
bleeding had taken place. Thus I had observed the value of the 
histaminolytic power in the twelfth week the day before the 
patient got her first bleeding. 

The last two cases illustrate the relation of the histaminolytic 
power when uterine bleedings take place that do not bring about 
abortion. Thus we find normal values, and possibly the other- 
wise regular increase of the histaminolytic power takes place 
with a somewhat reduced rate. This retardation of the normal 
increase has in one case been observed ere the bleeding had 
begun. 

In connection with these cases it seems suitable to refer to an 
examination I carried out on a subject with extra-uterine preg- 
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Fig. 18 Histaminolytic power in case of extra-uterine pregnancy. 

Thin curved lines indicate limits within which are to he found ca. 19 of 20 
values from healthy pregnant women. 

Stems on base line indicate approximate uterine bleedings. For explanations 
see text. 

Op. indicates operation. 

Ordinate: histaminolytic power, y/ml/h. 

Abscissa: months of pregnancy. 

nancy. Weble & Eefkemann (1940 b) stated that tliere was 
no increase of tbe bistaniinolytic power in a case of extra-ute- 
rine pregnancy as compared with non-pregnant women. These 
authors pointed out that the histamine inactivating principle 
in blood and serum decreased “einige Tage nach einer kut XJn- 
terbrechung der Schwangerschaft fuhrenden Stoning” and con- 
cluded that the occurrence of an increased histaminolytic power 
as opposed to non-pregnant women is an indication of an intact 
pregnancy. It is, however, proved by the cases in this chapter 
that their conclusion cannot be correct. — According to Lab- 
HAEDT (1941 a) the diamine oxidase in the extra-uterine 
pregnancy is the same as in ordinary cases. 
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Case Gr 33 (fig. 18) showed a slight bleeding in the second 
and also small bleedings from the end of the third to the end 
of the fourth months. The case was looked upon as being an 
imminent abortion and received anti-abortive treatment. At the 
beginning of the fifth month the patient underwent an opera- 
tion for extra-uterine pregnancy perforating to the abdominal 
cavity. The' histanodnoljdiic power of the plasma at the end of 
the third month was almost bordering on the normal. No increase 
of this power was observed. However, afterwards, there was in- 
stead at the beginning of the sixteenth week a decrease of al- 
most 50 % of the histaminolytic power. Six days after the last 
blood test was taken, the perforation took place. In this case 
the decrease in the histaminoljrtic power gave warning of the 
unsatisfactory development of the pregnancy. 


Albuminuria and toxaemia of pregnancy. 

Several authors have stressed the importance of the meta- 
bolism of histamine when intoxications occur during pregnancy, 
and histamine has been looked upon as being one of the causes 
(see Feldberg & Schilf, 1930). 'Westberg (1941) first and then 
Kapeller-Adleb (1941) and Kapelleb-Adleb & Adleb (1942, 
1943) found that during pregnancy normally occurring histidinuria 
decreases or disappears in severe cases of toxaemia of pregnancy 
and the latter authors showed that histamine appears in the urine 
in these pathological pictures. These authors assumed that the 
histaminase metabolism of the organism was disturbed in cases 
of toxaemia and referred inter alia to a statement by Zeller 
(1941) according to which histaminase occurs in smaller quanti- 
ties than is normal in patients Avith hyperemesis gravidarum. 
"Weble & Effkemann (1940 b) also stated that the histamino- 
lytic power in cases of toxaemia was decreased in comparison 
with that of healthy pregnant women. Two years later, however, 
they, (1942) examined 12 cases of toxaemia of pregnancy and 
in none of these were they able to establish anything deviating 
from the normal pregnancy. 

As it seems obvious, however, that disturbances in the meta- 
bolism of histamine do occur in toxaemia of pregnancy, and 
as the part played by the histaminolytic power does not seem 
to have been made clear in this connection, I have carried out 
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Taljlo 10. 

Hisiaminolytic power in SI women with pregnancy albuminuria and toxaemia. 







Parturi- 
tion in 
week of 
preg- 
nancy 

Foetus 

■■■■■ 




Eclamp- 
tic symp- 
toms 

Albu- 

minu- 

ria 

Weight g 


Histaminolytic J 
power of plasma 
at stated weeks J 
Y/ml/h 

Case 

Oedema 

Hyper- 

tonia 

Sur- 

viving 

Still bom 
or sur- 
viving 
only a 
few hours 

Death 


Hislaminolylic power less than normal. 



G93 

+ + + 

+ + 

— 

+ + + 

39 

3050 



37 — 39 w.; 0.C7; 











0.G7; 0.79; 
0.97 see fig. 
19 


G49 

+ + 

— 

— 


41 

3350 



40 w.: 1.2; 1.1 









3700 

a. p. 

Bce fig. 17 


GllO 

— 

— 

+ + + 

+ 

42 




42 w.; 1.1 


G80 

— 

+ 

— 

+ + + 

39 


1880 

a.p. 

26 w.; 1,3 


G65 

— 

+ + 

+ 

+ + 

40 

2270 


36 — 40 w.; 1.3; ' 

|i 










l.l; 1 , 1 ; l.e . 

6106 


+ 

— 

+ + 

42 

2720 



39—40 w.: 1.2 

!| 










1.2; 1.5; 2.0 

■j 

1 




Normal kistaminolyiic power. 



j 

i 

G69 

+ 

+ + + 

+ + 

+ + 

33 

1 

1750 

8. p. 

Day of part.: 2.0 


6 75 

— 

+ + 

— 

+ 

36 

j 

1760 

a. p. 

35 w.: 2.0 

ll 

■t 

1 

G70 

6 89 

+ 


4- 

+ 

+ 

+ + 

30 

35 

! 

2100 

a.p. 

22 — 30 w,: l.C — 
2.3, see fig. 19 

a.p. 

i 



3.1, see fig. 19 
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1 1 

— 

— 

— 
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34 — 35 w.: 3.4; 

j ! 
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+ + + ' 
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2.5; 3.4 

\ 1 
1 

+ ' 

4'4'4~ ' 

+ + + ' 

ca. 39 
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! 
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— 

— 

— 

+ 

40 
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4.5 

’ 




Hisiaminolytic power greater than normal. 
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+ 
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38 
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1 
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+ 
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1 
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5.0; 5.2; 5.8 

> 
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+ 

+ 
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+ 

38 
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40 
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fig. 19 
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7.9, see fig. 191 
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some experiments on the histaminolytic power of plasma in such 
cases. 

In about 20 cases of pregnancy albuminuria which have been 
treated at St. Erik’s Hospital, Stockholm, I have examined the 
histaminolytic power of the plasma on one or several occasions. 
The symptoms are given schematically in table 10, where there 
will also be found the weight of the foetus, its viability and the 
histaminolytic power. The values obtained are also given in fig. 19. 

The cases in the table have been arranged according to the 
magnitude of the histaminolytic power. They have also been 
divided into three groups with low, normal and high values. 
As boundaries for the normal values I have made use of the 
limits within which about 19 of 20 values of healthy women 
are to be foimd. 

The table shows that a considerable number of the women 
with pregnancy toxaemia have values deviating from the normal. 
Only about a third have normal, while a third have abnormally 
high and a third show values which are too low. In this material 
there is no correlation between the degree of the symptoms 
and the histaminolytic power. Thus we find women with diffe- 
rent degrees of different symptoms with low, normal and high 


Symptoms classified according to following bases of division: 
Oedema 

— : no oedema 

4-: slight oedema in hands and feet but not in face 
+ -f: obvious pre-tibial and malleolar oedema, slight oedema in face. 
4-4--}-: pronounced pre-tibial, malleolar and facial oedema 

Hypertonia 

— : blood pressure not exceeding 140 mm Hg on any occasion 
4-: values between 140 and 170 mm Hg observed several times 
4--i-: values between 170 and 200 mm Hg observed several times 
-j--}--}-: values exceeding 200 mm Hg observed several times 

Eclamptic, symptoms 

— : no eclamptic symptoms 
4-: slight occasional headache 
4--}-: pronoimced headache for one week at least 
-}--i--i-: eclamptic attacks 

Albuminuria 

-}-: albuminuria not exeeding 2 ®/oo (according to Esbach’s method 
of determination) observed on one or several occasions 
-h-J-t albuminuria amounting to between 2 and 4 %o observed on several 
occasions 

4-4-4-: albuminuria exceeding 4 “/bo observed on several occasions 
a. p., s. p. and p. p. signify that the foetus died before, during or immediately 
after parturation. 
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Fig. 19. Histaminolytic power of plasma in cases of albuminuria and toxaemia 
of pregnancy, (see table 10). 

Thin curved lines indicate limits 'svithin which are to be found ca. 19 of 20 
values from healthy pregnant women. 

• = samples from women from whom only occasional tests have been taken. 
C) O □ O 3 = samples from women from whom repeated tests have been 
taken. 

Abscissa: months of pregnancy. 

Ordinate: histaminolytic power. 


values of the histaminolytic power. Nor does the length of the 
pregnane)’- nor weight and degree of development of the foetus 
seem to have any definite connection with this power. The ma- 
terial examined, however, is too little to definitely exclude 
the existence of any correlation between the symptoms and 
the absolute values. 

Two of the cases mentioned deserve special attention. Case 
G 137, the curve of which we find in fig. 19, showed albumintu'ia 
for the first time during the 36th week of pregnancy; it is 
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seen that there was a definite increase in the histaminolytic 
power at about this time and this fact therefore seems to indi- 
cate that there may be some sort of connection between the appear- 
ance of the albuminuria and the histaminolytic power. More- 
over, I.should now perhaps point out that the curve for the hista- 
minolytic power of healthy pregnant women runs very evenly 
at this period, and in no case of a healthy woman have I observed 
such a fluctuation in the histaminolytic power as in the case of 
G 137 (see fig. 14, page 70). 

In case G 49 the histaminolytic power gradually decreased 
from the seventh month, so that at the beginning of the tenth 
it was only about Ys of what it is normally. Slight oedemata began 
to make their appearance at this time, which increased consider- 
ably during the following week. In the middle of the 39th week 
albuminuria was observed for the first time, and from these cases 
it seems as though we may draw the conclusion that an abnor- 
mal curve for the histaminolytic power may anticipate something 
pathological (fig. 17, page 79). 

The investigations so far carried out show that the appearance 
of albuminuria in pregnant women is often accompanied by dis- 
turbances in the histaminolytic power. The results of the experi- 
ments warrant further investigations in order to explain more 
fully the nature of this fact. 


Premature parturition, hydatiform mole. 


In two cases of premature parturition I have found increased 
values as opposed to the normal. Thus in one case of parturi- 
tion in the seventh month I found 5.8 y/ml/h and in another case 
of parturition in the eighth month 9.1 and 9.3 y/ml/h. Further 
investigations are necessary to decide whether the histamino- 
lytic power is always increased in the event of premature partu- 


rition. 

Labhardt (1941 b) observed increased values of the diamine 
oxidase in the case of hydatiform mole. I have been able to verify 
this statement in three cases. One was followed for 20 days sub- 
sequent to the mole being expelled. Blood tests taken 1, 4, 11, 18 
and 20 days after the expulsion showed a histaminolytic power of 
0.15, 0.15, 0.10, 0.08 and O.OG y/ml/hour. The values show that the 
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decrease of the histaminolytic power in this case took place more 
slowly than after a confinement (cp. fig, 16). More mola fragments 
were expelled on the 17th and 18th days, from which fact it seems 
as though the knowledge of the histaminol 3 rtic power might contri- 
bute to forming a judgment of this disease. A detailed descrip- 
tion of this case will be published later by Dr T. Walentin, St. 
Erik’s Hospital, Stockholm. 



CHAPTER VI. 


The histaminolytic power of placenta and its 
relation to that of plasma. 

Tliere have been no investigations as to the source of the hista- 
minolytic enzyme existing in the blood during pregnancy. Se- 
veral facts, however, indicate that the placenta plays a great 
part in this connection. 

A number of investigations have shown that this organ has 
a strong histaminolytic effect. Mabcou et al. (1938) showed that 
the histamine content is higher in the blood in the umbilical 
artery than in the vein, and they also indicated that a thermo- 
labile, histaminolytic enzyme existed in placenta. Zeller, Sohar 
& Staehlin (1939) made a careful investigation of the hista- 
minolytic effect of placenta and were able to state that it was 
due to the effect of diamine oxidase. Zeller, Birkhauser, 
Mislin & Wenk (1939) found that the placenta is one of the 
organs containing most diamine oxidase and they presumed that 
the placental diamine oxidase bore some relation to the hista- 
minolytic power of blood observed by hlARCOU et al. just before 
parturition. As early as in 1937, however, Daneorth & Gosham 
had shown histaminase in the placenta, and Daneorth (1939) 
indicated a certain relation between the enzyme content and the 
efficiency of uterine contractions. Eeekemann & Werle (1940 a) 
also showed that placenta contains histaminase; they considered , 
however, that it was impossible that the placental histaminase 
could be able to pass over to the mother’s blood. 

Anrep, Barsoum, Ibrahim & Amin (1941) pointed out that the 
histaminolytic power of blood “is increased as a result of the reac- 
tion of the maternal organism to the presence of the fetus , and 
that “it should be expected that the increase in the histamino- 
lytic product in the blood would bear some relation to the pro- 
duction of gonadotropic or estrogenic compounds . 
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Fig. 20. Extraction of liistnmino inactivating cn/.jTnc from ground placenta. 

Extraction performed by six consecutive qiiantities of physiological saline. 

Abscissa: time of extraction. 

Ordinate: activit}’ extracted. 

Earlier investigations have shown that in the blood of preg- 
nant women and in the placenta there is a histamine destrojing 
enzyme. As it seems to be of interest to illustrate if there is 
any relation between these enzymes, I have tmdertaken some 
investigations of the kind and the degree of the histaminolytic 
power of the placenta. 

Ov}n investigations. 

The histaminase effect of the placenta has earlier been deter- 
mined in water or acetone extract of the organ by measming 
the oxygen uptake or the ammonia formed or by following the 
histamine inactivation on guinea-pig intestine. I have found the 
following method suitable for testing the histaminol}d>ic power. 


Method of extraction. 

The extraction of the enzyme from placenta took place in the 
maimer now to be described. The organ underwent treatment 
as soon as possible after the confinement. It was dried on filter 
paper and thus freed from superficial blood. Membranes and 
the umbilical cord were removed, after which the organ was 
weighed. It was then ground in a mincing machine and ca. 70 g 
of the carefully mixed pulp was centrifuged for about 15 minutes. 
The fluid — which usually amounted to a few ml — was decanted 
and its histaminolytic power examined. After that 4 or 5 por- 
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tions of physiological saline, in all 180 ml, were added to 20 g 
of the centrifuged pulp. Before adding another portion of saline 
the former was removed by centrifugation. The extraction con- 
tinued for 24 hours at ca. -f 4° C. The different portions of saline 
were mixed and the histaminolytic power was determined (see 
below). 

A considerable portion of the enzyme in the placenta is ex- 
tracted by means of this method (fig. 20). It proved that phy- 
siological saline gave the best yield and a somewhat better than 
phosphate buffer solution at pH 7.7. A still smaller yield was 
obtained with phosphate buffer solution at pH 6.6 and 7.2 as 
well as with water. If the pulp is frozen previous to extraction 
the enzyme is extracted a little more quickly, but the total ac- 
tivity extracted is not increased by the freezing. The repetition 
of the extraction gives a 20 to 25 % better yield than if the whole 
quantity of the physiological saline is added at once. Shaking 
the extraction vessel does not increase the activity esi;racted. 


Measuring the effect of the histaminolytic power. 

The histaminolytic power was measured by biological deter- 
mination of the quantity of histamine inactivated by the ex- 
tract. The initial inactivation rate is lower with the concentra- 
tion 30 y than with 6 y/ml With 0.6 y/ml the initial inactiva- 
tion rate seems to be about the same as with 6 y/ml. Fig. 21 shows 
that the inactivation with 30 y and 6 y histamine per ml takes 
place at a constant rate during the greater part of the reaction, 
while the rate gradually diminishes with an initial histamine per- 
centage of 0.6 y/ml. The inactivation given in fig. 22 is obtained 
with a constant histamine percentage and a varying quantity 
of extract. The ratios of the extract quantities illustrated in 
fig. 22 are 1:2:4. As will be seen the inactivation rates are 
roughly parallel to the extract content. This last mentioned ex- 
periment seems to show that a quantitative opinion of the e^ract 
content may be formed by examining the rate of the initial 
inactivation of the histamine. In order to be able to make compa- 
risons possible with the histaminolytic power of the blood, in- 
vestigations of this power in the placenta have been carried out 
with about the same initial histamine concentration as wit t e 
blood. The inactivation has been followed until about half of 
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Fig. 21. Inactivation of histamine by extracts of human placenta at different 
initial concentrations of amine. 1 ml phosphate buffer solution at pH 6.8 mixed 
with 0.1 ml extract and histamine making concentration of 30 Y (fig. A). 6 Y (B) 

and O.G Y/nil (C). 

Abscissa: incubation time. 

Ordinate: inactivated histamine per ml reaction mixture. 

the histamine has been destroyed. The histaminolytic power 
has been expressed in y inactivated histamine base per ml ex- 
tract per hour. The experiments have been carried out in the 
following maimer. 

The placental extract was added in increasing quantities of 
0.08 — 0.16 — 0.32 — 0.64 and possibly 1.28 ml to a series of test 
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Fig. 22. Inactivation of histamine by extracts of rat placenta. Initial histamine 
concentration 6 yMI. Placental extract in A is 20 % of reaction mixture, in B 
10 %, and in 0 5 %. Placenta extracted with 25 volumes of phosphate buffer solu- 
tion. 

Abscissa: incubation time in minutes. 

Ordinate: Y inactivated histamine per ml reaction mixture. 
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Table 11. 


Prep. 

no. 

Placen- 

tal 

extract 

ml 

Buffer, 
sol. ml 

Histamine 
(6.08 Y/ml) 

Tf 

Incubation 
time, min. 

Remaining 
histamine 
after incuba- 
tion 

T 

Inacti- 

vated 

hista- 

mine 

T 

Histami- 

nolytic 

power 

Y/ml;h 

1 

0.08 

3.02 

6.08 

59.5 

Not deter- 
mined 

— 

— 

2 

0.1 G 

3.8-1 

6.08 

59.5 

3.05 

2.43 

15.3 

3 

0.32 

3.G8 

6.08 

60 

1.35 

4.73 

>14.8 

4 

O.Cl 

3.30 

6.08 

60 

0 

6.08 

>9.0 


tubes after which the volume was made up to 4 ml with m/15 
phosphate buffer solution at pH 6.8. Then the tubes were incu- 
bated for a few minutes in a water-bath at 37° C, and 1 ml hista- 
mine in buffer solution containing 6.08 y was added. After an 
hour's incubation the tubes were boiled up quiclcly in order to 
break off the inactivation and then kept at -f- 4° C until the 
histamine content was determined on guinea-pig intestine. 

The fluid obtained when decanting after centrifuging the minced 
placental tissues shows a stronger histaminolytic power than 
the placental extract, consequently a considerably smaller quan- 
tity of this fluid must be taken for the experiment than of the 
extract. Thus 0.005—0.01 — 0.02 etc. up to 0.16 mi of the fluid 
was added to a series of test tubes, buffer solution and histamine 
being added as just mentioned. The same time of incubation 
was taken for both determinations. 

The histamine determination was begun with the last test in 
every series, i. e. that with the greatest quantity of placental 
extract. If this contained less than half of the original quantity 
of histamine that was added, i. e. < 3.04y , the penultimate pre- 
paration in the series was also tested. If this did not contain 
more than 3.04 y, the procedure was continued until I came to 
a preparation containing more than 3.04 y. The histamino- 
lytic power of the placenta extract was then calculated on t e 
basis of the test or tests showing an inactivation of between 
and 70 % of the amine originally added. Table 11 s ows an 
example in order to make the method clear. In preparation 
in this example no histamine was found after incubation, a 
preparation 3 less than half of the amine was recovere , 
while in preparation 2 more than half was recovere . n s 
case the histaminolytic power was calculated, on t e asis o p 
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Fig. 23. Decrease of histaminolytio power in placental extracts during incubation 

at 37% 47“ and 66° C. 

Abscissa: incubation time, hours. 

Ordinate: histaminolytio power. 

paration 2; 0.16 ml placental extract inactivated 2.43 y liista- 
mine in 0.99 hours, whicli corresponds to a histaminolytio power 
of 16.3 y per ml extract per hour. 

The corresponding value for the centrifugate was added to 
the histaminolytio power of the extract, the activity of 1 gram 
of the placenta then being calculated. 

When mixing equal parts of three extracts, the histaminolytic 
power of which was found to be 42, 14 and 8.6 y/ml/h, it was 
found when examining the mixture that the activity corresponded 
to 21 y/ml/h. 

The histaminolytic power calculated was 21.5 y/ml/h. The 
agreement can be regarded as satisfactory. Thus it seems as 
though this method gives a sufficiently accurate determination 
of the histaminolytic power in the placental extracts for the 
purpose of comparison. 

The histamine inactivating factor is destroyed immediately at 
a temperature of 100° 0. The effect of 37°, 47° and 56° C during 
different times on a water extract of placenta is shown in fig. 
23. For the histaminolytic effect at various temperatures and 
hydrogen ions concentrations, see fig. 8 and 24. An addition of 
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Fig. 24. Histaminolytic power of human placental extracts at different pH. 

0.001 molar KCN concentration brings about a complete inhibition 
of the Instaminolytic power, and O.OOOl molar concentration a 50 % 
inhibition, while KCN in 0.00001 molar concentration has no 
inhibiting effect whatsoever. There is a definitely noticeable in- 
hibition with 0.0001 m phenyl hydrazine, while 0.000025 molar 
concentration has no such effect. Guanidine also exercises an 
inhibitive effect, the limit being under 0.0002 molar concentra- 
tion. The inhibition with guanidine is competitive, thus in two 
tests vdth 0.0004 molar guanidine no definite inhibition could 
be observed at 0.0005 molar histamine, while at 0.000005 the 
ii^bition was 76 %. When examining the distribution of the 
histaminolytic power in various protein fractions, 11 % of the 
activity was recovered in the fraction precipitated by 0.33 sa- 
turated ammonium sulphate, 31 % in the fraction 0.33 — 0.5 sa- 
turation and 23 % in the remaining one. 35 % of the original 
activity was lost. The placental extracts keep their activity 
almost without any loss as long as a week at 4° C. 

In the main the observations made seem to agree with the ex- 
perience concerning histaminase or diamine oxidase. We also 
find a general agreement with the histaminolytic power of plasma 
when comparing corresponding properties. As opposed to the 
enzyme of plasma, however, the histaminoljdic enzyme of placenta 
is partially destroyed in a water extract at 37° C in a few 
hours. When examining a placental extract mixed ivith plasma, 
however, I found no decrease in the histaminolytic power after 
incubating it for 24 hours at 37° C. 
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R es Hits. 


Rats. 

At tlie time wlien tlie investigations on rats were carried out I 
made use of a somewhat different method from that described on 
page 88. Thus a phosphate buffer solution at pH 6.8 was used as 
extraction fluid instead of physiological saline, and the organ 
was extracted for only about one hour. This means — audit 
was confirmed in two tests — that only about half the acti%'ity 
was extracted, consequently the absolute values of the liistamino- 
lytic power of the rat placentas arc not directly comparable with 
those corresponding to man, rabbit and guinea-pig. This method 
of extraction, however, pla 5 's a minor part when comparisons 
are being made of the placentas of rat. 

The determination of the histaminolytic power in the extracts 
was carried out by following the inactivation of the histamine 
until half of the amine remained, after which the histaminolj’tic 
power was calculated on the basis of the quantity of histamine 
inactivated, the quantity of extract and the time for the reac- 
tion. When testing the placental extract from rat the author 
always made use of a constant quantity of extract (corresponding 
approximately to 0.005 g placenta per ml of the reaction mix- 


Tablo 12. 

Hisiaminolylic power in plasma and placentas of rats. 


1 

Rat 

no. 

Weight 

g 

Num- 
ber of 
foetus 

Average 
length 
of foetus 
mm 

Plasma 

Placentas | 

Histamino- 
lytic power 
Y/ml'h 

Weight 

g 

Histamino- 
lytio power 
mg/g/li 

1 

Total 
histaraino- 
lytic power 
mg/h 

47 

160 

10 

10 

0.19 

1.70 

2.00 

3.5 

48 

190 

8 

14 

0.29 

1.51 

1.03 

2.5 

43 

170 

8 

23 

0.15 

2.80 

1.08 

3.1 

51 

175 

3 

25 

0.14 

1.20 

0.78 

1.0 

39 A 

190 

9 

25 

0.18 

3.80 

1.31 

4.9 

42 

230 

11 

28 

0.O9 

4.74 

0.27 

0.7 G 

44 

240 

9 

28 

0.13 

3.04 

0.73 

2.2 

40 

175 

9 

30 

0.23 

3.G2 

1.07 

3.9 

49 

240 

7 

30 

0.08 

2.89 

0.4G 

1.3 

41 

155 

8 

33 

0.20 

3.32 

1.34 

4.4 

46 

200 

9 

33 

O.oc 

3.84 

0.44 

1.7 

60 

225 

7 

40 

O.io 

3.21 

0.44 

1.4 
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Pig. 2 ~}, Hist^minoh'tic power of pln^ma (abscissa) and placenta (ordinate) of 

rats. 


tiire) and nn initial histamine concentration of 6 yjml and the 
inactivation was followed by 3 or 4 tests for 1 hour. 

When examining the placenta from 12 rats during the latter 
part of their pregnancy, I found the values of the histaniinol}dic 
power given in table 12, from which it will be seen that one gram pla- 
centa inactivates ca. 1 mg histamine per hour under the con- 
ditions stipulated. Further it seems that the histaminol}i;ic power 
varies considerably with various animals, no. 47 having a < to 
8 times stronger power than no. 42, reckoning per gr. placenta. 
There is no correlation with the number of foetus or their length 
in this material. 

For the relation to the histaminolytic power of plasma o 
served in the same animal see fig. 25. The figure shows that the 
histaminolytic powder of placenta and plasma are in relation to 
each other, inasmuch as high values of plasma are to be oun 
in animals with high values of placenta, w’hile low plasma va ues 
occur in animals with low' placenta values. 


Other animals. 

Occasional examinations have been made of the placentas from 
rabbits, guinea-pigs and a cat. Extractions were made rom guinea 
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pigs and rabbits according to the method described on page 88, 
while the cat placenta was taken in accordance with the rat man- 
ner. The histaminolytic power calculated per gram placenta was in 
rabbit placenta ca. 16 y/hour, in guinea-pig ca. 5 y/hour and in 
cat ca. 0.1 y/hour. Further investigations are necessary in order 
to illustrate the importance of the placenta for the histamino- 
lytio power of blood in these animals. 


Man. 

In 4 healthy women I foimd a histaminolytic power of pla- 
centa between 56 and 102 y/g/hour and in one case of duplex 
19 y/g/hour. No definite correlation between the histaminoljdic 
power of placenta and that of plasma can be proved in these 
cases (table 13). From fig. 26 it will be seen that the power can 
vary considerably for one and the same blood value, and con- 
sequently it seems necessary to examine a large number of 
placentas from healthy women before deciding the question as 
to whether there is any correlation between the histaminolytic 
power of plasma and placenta. The determinations I have carried 
out on placentas from people with particularly lugh and particu- 


Tnhlc 18. 

Hisiaminolylic fower of fhsyna and flacsnla in man. 




Plasma 


Placenta 


Caso 

Diagnosis 

Blood sample 
taken (a. p. = 
ante partum; 
p. p, = post 
partum) 

Histamino- 
l 3 ’tic power 
T/ml/h 

Weight 

rr 

o 

1 

Histamino- j 
l^'tic power 
Y/g/h 

Total hista- 
minoiytic 
power 
mg/h 

G47 

Normal 

6 d. a. p. 

2.1 

3G0 

56 

21 

G131 

& 

14 b. » 

3..^i 

480 

58 

28 

G32 

J> 

2 h. » 

3.2 

350 

102 

3G 

G57 


10 min. p, p. 

2.G 

475 

92 

44 

G 133 

Duplex 

2 d. a. p. 

l.S 

740 

19 

14 

G49 

Albuminuria 

4 d. » 

1.1 

310 

57 

18 

G88 

Toxaemia 

5 d. D 

6.S 

140 

134 

19 

G99 

» 

3 d. » 

6.5 

640 

115 

74 

G9G 

» 

2d. » 

7.0 

390 

168 

66 

G91 


2d. » 

5.9 

390 

2G9 

105 

25 

G93 


1 d. 

1.0 

410 

62 

G65 


3 h. » 

l.G 

400 

32 

13 

G 90 

» 

2 h. » 

7.1 

580 

154 

89 

G87 

» 

2 li. » 

3.5 

520 

36 

19 

G72 

Premature 

parturition 

2 d. » 

5.8 

195 

154 

30 
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Fig, i20. Hi'itaminolytic power of plnsnia and placenta in man. 

Ordinate: placental liistaniinolytic power. 

Abscissa: plasma » » 

O = healthy women • — cases of alhuminuria and toxaemia of preg- 

nane)’, premnlnrc parturition, duplex. 

For explanations, see text. 

Iarl3' values for the ]ii.staminolytic power — i. e. cases of 
pregnancy toxaemia as well as one case of premature parturition 
— indicate that .such <a correlation exists. All these cases arc 
recorded in fig. 26, from which it will be seen that all cases with 
plasma histaminolj'tic power < 5 y/^nl/hour have a histamino- 
Ij'tic power of placenta < 110 y/g/hour, while all the cases with 
> 5 y/ml plasma/hour have higlier placental values than 110 
y/g/hour. 

In some cases the placental histaminoljdiic power was compa- 
red with plasma tests taken a few hours before, and in others 

7—443009 
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with those taken a few days before the confinement (table 13). 
From fig. 19, page 84 it will be seen, however, that in cases of 
albximinuria and toxaemia of pregnancy the histaminolytic po- 
wer of plasma appears to xmdergo considerable changes during 
the latter part of pregnancy. This fact must be jmrtly the cause 
of the variation to be found in the correlation diagram (fig. 26). 

The investigations of the power of placenta to inactivate his- 
tamine show that rat and man have a strongly pronounced 
histaminol}’tic poxver, wliile it is less strongly developed in rab- 
bit, guinea-pig and cat. 

Blood investigations showed that the histaminolytic power of 
plasma increased strongly during pregnancy in man, less in rat 
and guinea-pig and not at all in rabbit. 

Further investigations — first and foremost by adopting the 
same technique for all animal species — arc necessary in order to 
explain the relation between the histaminolytic power of plasma 
and placenta. The work already carried out in this field, how- 
ever, does show the existence of such a relation in man and rat 
and the histaminolytic power of plasma may to a certain ex- 
tent be considered to indicate that of placenta. 



CHAPTER VII. 


Diagnostic and prognostic value of the Msta- 
minolytic power of plasma. 

In chapter V it was shown i. a. that the histaminolytic power 
of plasma has a very regular course in a healthy pregnant 
woman. After showing a definite rise in the values round about 
the seventh week after the last menstruation, i. e. about five weeks 
after fecundation, this power then increases considerably and at 
about the seventh month it reaches a maximum ca, 1000 times 
as great as that to be found in non-pregnants. After the seventh 
month there is a slight decrease, but a rise is again observed 
somewhat towards the end of the pregnancy. 

It has proved that these fluctuations in the histaminolytic 
power occur very regularly in a number of healthy women (fig. 
13 and 14), and not in one healthy subject have I observed any 
important deviation from the course described. When various 
illnesses crop up during pregnancy, on the other hand, con- 
ditions have been different, and in this chapter I should there- 
fore like to sum up the conclusions that may be drawn from the 
investigations of this power in health and disease. 

The investigations in this paper show that there is no definite 
increase in the histaminolytic power of plasma until about the 
seventh week after the last menstruation. Whether any increase 
occurs before this time has not been decided. I must therefore 
leave the question as to the exact time for the present; whether 
this pregnancy reaction gives positive records before, simulta- 
neously or after other pregnancy reactions, e. g. prolane ex- 
cretion in the urine, must also remain unanswered. Such an ex- 
cretion usually takes place before the seventh week, and in con 
sideration of existing material I must say that Aschheim s 
Zondek’s and Friedmann ’s-Schneider’s reactions are usua y 
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positive before it is possible to show an increased histaminolytic 
power in plasma. This is in agreement with what WERLE & Eef- 
KEMANN (1940 b) and Labhardt (1941 b) noticed earlier. In 
order to form a definite decision as to whether the hi.staminolytic 
power of plasma is preferable to the prolane excretion when 
making an early diagnosis of pregnancy, further investigations, 
however, are necessary with recordings of the prolane of the urine 
and histaminolytic power of the plasma, i^loreover it is necessary 
to find out whether anything else besides pregnancy can cause 
an increase in the histaminolytic power of plasma (see foot note, 
page 62). 

If the examination of the histaminolytic power in its present 
state does not allow of an earlier diagnosis of pregnancy than 
can be made with other methods, it offers instead great advan- 
tages when it concerns ■ — so to speak — quantitative diagnosis 
of pregnancy round about the 3rd month. As was shown in chap- 
ter V, by examining the histaminolytic power in healthy women 
during this time it is possible to ascertain how far the pregnancy 
has gone to within ca..6 days in 2 cases out of 3. No other clini- 
cal, chemical or biological method of investigation seems to allow 
of such accuracy. 

The importance of this quantitative diagnosis is particularly 
obvious when it comes to judging the time of pregnancy for wo- 
men without regular menstruations pre\nous to the beginning of 
the pregnancy, e. g. women with secondary or lactation ame- 
norrhea. In case G 47 (p. 71) there had been no menstruation for 
8 months, and it was thus impossible to state when the pregnancy 
had begun. On the basis of the five values between 0.017 and 0.54 
y/ml/hour (see fig. 14) it was possible to predict that the confine- 
ment would take place round about July 13th 1944. The pains 
began on July 16th, the woman was taken into hospital on the 
same day, and a fully developed child was born on July 18th. 
1944, i. e. only 5 days after the time expected. 

If we find values of the histaminolytic poiver in healthy pregnant 
women tvhich are notin agreement with clinical data, it is a reminder 
that something has occurred to disturb the physiological course of 
the pregnancy. 1 have — partly on the basis of previous ex- 
perience — shown in this paper that such changes take place 
in the case of imminent abortion, premature parturition, albu- 
minuria and toxaemia of pregnancy as well as in hydatiform mole. 
It is not clear whether other pathological pictures cause distur- 
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bances in the bistaminoljtic power, but it does not seem improb- 
able. Thus Werle & Eppkemann {1940 b) stated that they 
found decreased values in the case of hyperemesis gravidarum, 
and this I have been able to verify in one case, and I have also 
found deviating values in a case of pains in the abdomen with 
uncertain aetiology during the fourth month of pregnancy. Con- 
sidering that the histaminolytic power of plasma seems to a 
certain extent to indicate a corresponding power in the placenta 
(Chap. it is not improbable that diseases in the placenta 
might make themselves known by examining the histaminoly- 
tic power of the blood. Einally it must also be pointed out that 
diseases having no primary connection with the genital organs 
(e. g. infections) but exercising a secondary effect on the preg- 
nancy may also influence the histaminolytic power of the blood. 

Summing up it may be said that there is reason to expect 
that several pathological conditions may influence the hista- 
minolytic power of plasma. The investigations so far carried out, 
however, have only touched upon certain of these diseases, and 
the following conclusions as to the diagnostic and prognostic 
value of the histaminolytic power must only be regarded as an 
example of what this reaction may be able to give. 

In the case of imminent abortion occurring during the first 
half of pregnancy normal values of the histaminolytic power 
(i. e. corresponding to those found in healthy pregnants) and 
a normal or somewhat retarded increase of these values in re- 
peated tests indicate a favourable prognosis. If on the contrary 
the plasma values sink, it seems to be a sign of an unfavourable 
development. Should the values neither rise nor fall during the 
course of some weeks, a satisfactory result may be expected 
(case G 49, fig. 17, p. 79) or an unsatisfactory (case G 33, fig. 18, 
p. 80). 

It will be seen from e. g. case G 127 (fig. 16, p. 76) that the 
histaminolytic power may sink considerably ere the clinical exa- 
mination has confirmed a bad prognosis. This observation as well 
as the other experiences concerning the histaminolytic power in 
imminent abortions indicate that repeated determinations can 
facilitate clinical judgment and thereby contribute to form a 
more rational basis of the anti-abortive treatment. 

Even during the latter part of pregnancy the values o 
the plasma histaminolytic power may give reason to suspect 
that something has occurred to disturb the physiological course. 
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I refer to the abnormally high or abnormally low values often 
met with in the case of pregnancy albuminuria and toxaemia. 
In a couple of cases I foiind how abnormally deviating changes 
in the plasma values occurred before or simultaneously with the 
appearance of the symptoms. Therefore it seems not unlikely 
that a more extensive knowledge of the histaminolytic power 
in cases of pregnancy albuminuria and toxaemia might contri- 
bute to a better understanding of these diseases. 

In the cases of hydatiform mole I have only a few observa- 
tions, but it seems as if the histaminolytic power after the ex- 
pulsion of parts of the mole decreases with a slower rate than 
after a parturition or an abortion. Further investigations in this 
field seem desirable. 



Summary. 


The author has determined the histaminolytic power in man 
and some animal species, in males and in pregnant and non- 
pregnant females. 

After a synopsis of our knowledge of the histamine decomposing 
enzyme (Chap. I) and a critical analysis of earlier methods for 
determining the histaminolytic power of blood (Chap. II), the 
author gives a biological method for the quantitative determina- 
tion of this power in plasma. The method is partially based on 
Code’s (1937) modification of Barsoum’s and Gaddum’s (1935) 
histamine determination method. It is possible to determine the 
histaminolytic power with an average error of about 8 % and 
it is expressed as the amount of histamine base, which under 
certain defined conditions is inactivated by 1 ml plasma in 1 
hour (y/ml/h) (Chap. III). 

Blood has been examined from a number of animal species. 
An increase has been proved in the histaminolytic power of blood 
from pregnant guinea-pigs and rats as opposed to non-pregnant 
animals. No such increase has been found in blood from pregnant 


rabbits (Chap. IV). 

Plasma from 7 healthy men showed an average histaminolytic 
power of 0.006 y/ml/h± 0.001 (max. 0.016 y/ml/h, min. 0.002 
y/ml/h) and plasma from 13 healthy non-pregnaut women showed 
0.005 y/ml/h ± 0.0006 (max. 0.015 y/nil/h, min. 0.002 y/ml/h). 
The nature of the histaminolytic power in these cases is not 
made clear. 


In pregnant women the histaminolytic power of plasma in- 
creases about a thousand times during pregnancy. The increase 
begins in about the seventh week after, the last menstruation, 
i* e. ca. five weeks after the fecundation, and is particular!) pro 
nounced from the 8th to the 13th weeks, rising then 10—15 ^ 
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daily. This increase from one day to the other can be shown by 
the method adopted. The histaminolytic power usually reaches 
a maximum dtiring the 7th month of pregnancy (ca. 3.5 y/ml/h), 
then sinlcs somewhat and rises slightly towards the end of the time. 

The increase of the liistaminolytic power between the 8th and 
the 13th weeks proceeds so similarly in different women that in 
healthy subjects it is possible in 2 cases of 3 to state how far 
the pregnaney has gone to within ca. 6 days. 

At the time of parturition the histaminolytic power increases 
about 30 %, and in the following week it drops ca. 45 — 50 % every 
day. No increased value has been observed in a healthy woman 
a fortnight after parturition. 

The investigations on healthy pregnant women are based on 
about 200 tests on about 45 women (Chap, Y.), 

The histaminolytic power has been determined in some cases 
of imminent abortion, as well as in one case of extra-uterine 
pregnancy. 

Cases with good prognosis showed normal or almost normal 
values (i. e. corresponding to those found in healthy pregnancy) 
while those in which the pregnancy was interrupted showed 
a decrease. Investigations of the histaminolytic power in cases 
of imminent abortion seem to be of diagnostic and prognostic 
value. 

Cases of albuminuria and toxaemia of pregnancy shoAv normal, 
increased or decreased values. In cases of hydatiform mole in- 
creased values have been observed, as opposed to those of non- 
pregnant women, which values have decreased subsequent to 
the expulsion of parts of the mole (Chap.V). 

In agreement with what other authors have already shown in 
defibrinated blood and serum the writer has found that several 
characteristics of the histamine inactivating principle in plasma 
from pregnant women seem to be the same as those shown in 
histaminase or diamine oxidase (Chap. III). 

A strong histaminolytic effect has been established in placenta 
from rats and man, while that of rabbits and guinea-pigs is 
weaker. In a number of cases from rats and man a certain quanti- 
tative relation has been found to exist between the histamino- 
lytic power of plasma and placenta. The histaminolytic effect 
of placenta also seems to be due to the effect of histaminase or 
diamine oxidase (Chap. VI). 
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Finally tlie clinical significance of tlie liistaminolytio power in 
the case of pregnancy has been discussed. The determination of 
this power can be of value when diagnosing pregnancy and estab- 
lishing how far it has gone. As to disturbances in healthy preg- 
nancies the histaminolytic power has proved useful for the diagno- 
sis and prognosis of imminent abortions and may contribute to 
form a more rational basis for the therapeutics. Lastly it has been 
pointed out that values deviating from normal should be a war- 
ning when forming a judgment of the course of the pregnancy 
(Chap. VII). 


I wish to acknowledge my great indebtedness to Prof. G. 
Ltljestrand for Iris continued interest and encouragement and to 
my colleagues at the Pharmacological Department, Caroline In- 
stitute, for many valuable discussions. 
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